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TTBIOURS OF THE EPIPHYSIS CEREBRI 


V. J. McGovern* 

Department of Pathology, the University of Sydney, Australia 

(Plates I-VI) 


The comprehensive study of Gladstone and Wakeley (1940), confirms 
the view long held by embryologists, that the human pineal organ is 
but a vestigial remnant of paired median eyes. Thought by Descartes 
to be the seat of the soul, it subsequently bad ascribed to it endocrine 
glandular functions, and various unconvincing experimental data 
were produced in support of this theory. However, endocrine disturb- 
ances formerly ascribed to secretory functions of pineal neoplasms 
have all been produced by other lesions involving the hypothalamus ; 
and for lack of evidence to the contrary, the pineal organ must still 
be classed as a vestigial structure. 

The symptoms which may be produced by neoplasms of the pineal 
region can be listed under four groups ; — -(i) Those due to increased 
intracranial pressure ftom blockage of the Sylvian aqueduct, (ii) 
Disturbance of hypothalamic function by growth into the third 
ventricle, producing abnormalities of sexual and skeletal development, 
obesity, diabetes insipidus and hypersomnia, (iii) CoUicular symptoms 
due to mid-brain damage, (iv) Cerebellar disturbances caused by 
interference with cerebellar connections in the mid-brain, and also by 
growth of the neoplasm backwards beneath the tentorium cerebelli 
with consequent compression or invasion of the cerebellum. 

Dorothy Russell (1944) has shown that the type of tumour hitherto 
;garded as a typical “ pinealoma ” is probably an atypical teratoma. 

■ in her opinion, true pineal neoplasms are extremely rare. 

Of 236 “ pineal ” tumours recorded up to the end of 1946 fewer 
than one-fifth are true epiphyseal tumours. The remainder are the 
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atypical teratomas described by Dorothj’- Russell, other more obvious 
teratomas including cborionepithelioina, glial tumours, hyperlropliies 
and cysts. 

The object of tliis paper is to present some of the histological 
characteristics of true pineal neoplasms additional to the “ spongio- 
blastic pinealoma ” of Horrax and Bailej' (1925), and also to adduce 
further evidence of the teratoid nature of most of the so-called 
“ pinealomas.” 

Case nnroRTS 
Caso 1 

The patient, a boy aged 11 years, was admitted to the department of neuro- 
surgery, Royal Prince Alfred Hospital, on 4th Jlny 1939, in the care of Jlr R. 
Money. He was an Italian boy who had been in Australia only 15 months. 
For two years ho had suffered from intermittent hoadnehes, weakness of the 
limbs, staggering gait, gradual enlargement of the head and frequent vomiting 
attacks. 

On examination, there was generalised enlargement of the skull, more 
marked in the occipital region. Tlio fundi showed bilateral secondary optic 
atrophy, although tho visual acuity on each side was C/12. Bilateral horizontal 
nj'stagmus was present, and there was a stamping ataxic gait on a wide base. 
All tendon reflexes were hyperactive. 

Blood Wassermann and Kline reactions and tho Casoni test were negative. 
Stereoscopic radiography of the skull showed flattening of tho sella turcica, 
with erosion of the posterior and to a less extent of tho anterior clinoid processes. 
Lumbar puncture produced clear cerebrospinal fluid at a pressure of 300 mm. 
of water ; it contained only a trace of globulin. Ventricular puncture disclosed 
bilateral communicating hydrocephalus, confirmed by the introduction of 
methylene blue. 

Considering that the lesion was a mid-lino cerebellar tmnour, sub-occipital 
craniotomy under nitrous oxide-oxj'gon-othcr anresthesia was carried out on 
9th May 1939. No tumour was found in tho posterior cranial fossa, tho only 
abnormality being a few adliesions around tho fourth ventricle foramina. Tlio 
patient’s condition gradually deteriorated following operation, and ho died on 
the fourth post-operative day after lapsing into coma. A full post-mortem 
examination was carried out the same day. 

Avtopsy. The cranium was enlarged, with “ thumbing ” impressions on 
the inner table. The upper part of the sella turcica was enlarged ns a result of 
contact with the ballooned floor of tho third ventricle. Tlie dorsum sellm was 
almost obliterated and the pituitary body was flattened. The dilated third 
ventricle bulged in front of and behind tho optic chinsma, which embraced its 
lower portions. In the upper and anterior portion of the cerebellum was a large 
thin-walled cyst. 

Median sagittal section of the brain revealed great dilatation of the third 
and lateral ventricles and destruction of tho septum lucidum. In tho Sylvian 
aqueduct lay a tongue of tumour tissue which originated from a large neoplasm 
occupying the whole of the posterior portion of the mid-brain above the aqueduct. 
Posterior to this portion of the tumour tliore was a cystic extension whicli 
projected heneath the tentorium cerebelli, compressing and displacing the 
anterior lobe of the cerebellum without actually invading it. The cyst was 
thin walled and contained blood-stained fluid. Tho tumour (including the 
cystic portion) measured 4-6 cm. antero-posteriorly and 2-2 cm. in its vertical 
axis (fig. 1). 

Microscopic appearances (fig. 2). The tumour is very cellular, with little 
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stroma and few vessels. The cells are small and contain spherical nuclei. 3Inny 
of them have scanty cytoplasm, which in some cases is drawn out into stubby 
tails and in others into a short argjTophilic process. There is no obvious pattern 
but the appearances resemble those of a neuroblastoma. Tliis tumour is ^ery 
invasive and portions of tissue talten from near its periphery contain neurones 
of the mid-brain nuclei in a fairly good state of preservation. 


Case 2 

The patient, a female aged 19 years, was admitted to the department of 
neurosurgery. Royal Prince Alfred Hospital, on 17th March 1942, in the care 
of jNIr G. Phillips. Eight months previously she had developed occipital and 
nuchal pain, followed by episodic vomiting, diplopia, attacks of giddiness and 
unsteadiness of gait. More recently there had been impairment of \dsion, 
gradually increasing deafness and coarse tremor in the hands. 

On examination, there was right-sided papilloedema and the pupils did not 
react to light. Horizontal n 3 'stagmus was present on looking to the right. 
There was intention tremor in the left arm, with lateral flexion of the head to 
the left and a tendency to fall backwards and to the left during Romberg’s 
test. Both knee jerks were hyperactive and the tendon reflexes in the left 
arm were exaggerated. 

Plain radiographj’’ of the skull revealed some diaschisis of the sagittal suture, 
with “ thumbing ” in the frontal regions. The sella ttircica was normal in 
size but its floor was somewhat uneven. Lumbar ptmeture disclosed clear 
fluid at a pressure of 230 mm. of water, with normal constituents. Ventriculo- 
graphy on 26th March 1942, disclosed symmetrical dilatation of the lateral 
ventricles and dilatation of the third ventricle. Xo air could be made to enter 
the Sylvian aqueduct. 

In the belief that a cerebellar tumour was present, sub -occipital craniotomy 
was performed on 1st April 1942, under rectal Avertin and local ansesthesia. 
No tumoxu was foimd and the wound was closed. The patient recovered 
satisfactorily and was discharged “ improved ” on 14th April 1942. 

She was re-admitted on 30th J\me 1942 because of a recrudescence of 
symptoms, and a second operation was carried out on Sth July through the 
previous decompression. Again no tumour was found in the cerebellum, so 
the vermis was split to disclose the floor of the fourth ventricle. A catheter 
was then introduced into the Sylvian aqueduct, but could only be passed a 
short distance before an obstruction was encoimtered. The patient’s condition 
at this stage was poor, so the wound was closed, the dura mater being left 
open. The patient died that afternoon and a full post-mortem examination 
was carried out the same day. 

Autopsy. The surface of the brain was congested, the cerebral hemispheres 
were enlarged and the gyri flattened. Median sagittal section after fixation 
revealed a tumour in the third ventricle, extending backwards beneath the 
splenium of the corpus callosum to compress and invade the cerebellum. It 
measured 5"0 cm. from before backwards and 2’2 cm. from above downwards. 
It was attached to the posterior part of the lateral walls of the third ventricle 
and^ to the deep surface of the quadrigeminal plate and pineal region. It 
projected backwards to compress the superior surface of the cerebellum. In 
appearance it was pinkish-white, and it was soft and friable to the touch. 

ront of the tumour there were small implantations of tumour tissue in the 
ateral walls of the third ventricle, the largest being in the massa intermedia 
on the right side. There was no evidence of a pineal body. The thymus 
was e arged, weighing 150 g., and there was a cj’stic adenoma of the thyroid. 

1 . appearances (fig. 3). The tumour is very cellular and contains 
re a i\ e j few blood vessels, most of which are very small and are accompanied 
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by scanty connective tissue. Tumour cells are orientated about the vessels in 
the manner of an ependj-moma. However, the main mass of tumour cells is 
not related to vessels and in the non-vascular areas there are many small 
pseudo-rosettes. The cells are small, with rounded nuclei which contain a 
coarsely granular chromatin network. Nucleoli are present in some nuclei. 
The scanty cytoplasm is drawn out into a short pointed tail at one polo, so that 
the individual coll is shaped like a short thick carrot. The colls arranged 
around vessels have longer and finer processes which radiate centrally. These 
processes are deeplj' impregnated by silver methods (fig. 4). Tlio neoplastic 
plaques in the lateral walls of the third ventricle hav'o a similar histological 
appearance, \vith normal ependjuna at the periphery'. No calcification can bo 
detected. The pituitary gland is normal. 

Case 3 

The patient, a male aged 47 years, was admitted to the department of 
neurosurgery. Royal Prince Alfred Hospital, on 9th April 1944, in the care 
of Mr G. Phillips. Eight years prior to admission ho developed episodic frontal 
headaches accompanied by nausea and vomiting. Ho also noticed deterioration 
of vision and for a week suffered from diplopia. Tlris phase lasted about one 
month. Over the next few years ho gradually became more and more tired, 
his gait became unsteady and ho had attaclcs of headache, vomiting and severe 
ataxia about every three months. In the two years before admission ho became 
unconscious during these attaclvS and finally became unable to walk. His 
hearing gradually deteriorated, diplopia returned and his memory became 
much worse. For six months ho had had tingling in his right hand. In the 
last tliree or foM months he had lost all libido ; his wife had had one child 
four months before his admission. 

On examination he was found to bo stuporoso and somewhat uncooperative. 
Visual acuity was poor in both eyes but the visual fields were full. The margins 
of both optic papilte were blurred but the physiological cups wore still present. 
There was paresis of the right lateral rectus muscle and bilateral norvo deafness. 
The remainder of the neurological examination disclosed no abnormality' except 
bilateral ankle clonus. Blood pressure was 150/100 mm. Hg. 

Plain radiography of the skull disclosed some deepening of the sella turcica 
and an extensive area of calcification in the region of the pineal body'. Lumbar 
puncture produced clear cerebrospinal fluid imder a pressure of 250 mm. of 
water, with normal constituents. Ventriculography on 19th April 1944 showed 
considerable enlargement of the lateral and third ventricles, but no air could 
be induced to enter the Sylvian aqueduct. 

In the beUef that the lesion was a cerebellar tiunour, sub-occipital craniotomy 
was performed on 3rd May 1944 under rectal Avertin and local anesthesia. 
No tumour could be found on exploration with a brain needle, so the wound 
was closed, as it was considered that an inoperable mid-brain tumour was 
present. The patient died eight days later from respiratory failure and a full 
post-mortem examination was carried out the same day'. 

Autopsy. There was marked flattening of the gyri, enlargement of the 
cerebral hemispheres and gross venous congestion. Median sagittal section 
of the brain disclosed a tumour in the third ventricle (fig. 5). It arose from the 
quadrigeminal region, occupied most of the third ventricle and extended 
posteriorly beneath the splenium of the corpus callosum to lie in contact with 
the cerebellum. The tumour was encapsulated, reddish-brown in colour and 
measured 3 -5 cm. antero-posteriorly and 2-8 cm. in its vertical axis. It obstructed 
the ventricular system in the third ventricle, so that there was marked dilatation 
of the lateral ventricles. No pineal body could be found. 

Microscopic appearances. The tissue is moderately cellular (fig. 6) and the 
majority of cells are fairly rmiform in type, though there are occasional giant 
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Plate II 



Pio. 2. — Cn='' 1. Micro- 
scopic appearance of 
this undifferentiated 
pinealo blastema. 
Hicmatovjlin and cosin. 
XlSO. 


Fig. 3 — Case 2 . Pinealo- 
blastoma. Jlieroscopic 
appearance of the 
tumour. Hajmatoxj-lin 
and eosin. x ISO. 




Fig. 4 — Case 2. Siher 
preparation to shou the 
cell processes Roger’s 
method x ISO. 
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cells with one or more irregular hypcrchromatic nuclei. There is a definite 
pattern throughout, in which the cells are arranged partly in irregular cords 
and partly around small patches of granular matrix which may or may not contain 
a vascular connective-tissue stroma. The central stroma is connected to 
adjacent areas by argjTophil reticulin bundles. In these central areas where 
no connective tissue is demonstrable, a few microglial and oligodendroglial 
cells can be demonstrated by del Rlo-Hortega’s silver carbonate methods. 

Tlie tumour cells have small round or ovoid nuclei and scanty cjdoplasm 
which forms a tail. In others this cjdoplasmic process is longer, and either 
bifurcates or in a few instances di\*ides into several short thin arborisations. 
There are also occasional cells in which there is a process at one pole which 
terminates in claw-like filaments, whUe at the other the cjdoplasm opens out 
into a flattened expansion from wliich cilia can be seen to arise. 


Case 4 

The patient, a male baby aged 20 months, was admitted to the Royal Prince 
Alfred Hospital on 8th January 1947, in the care of Jlr R. Money. SjTnptoms 
were first noticed 3 months before admission. At that time the mother noticed 
that the child kept his rather large head tilted to the left. Two weeks later he 
began to vomit, and one week later it was found that the right eye would not 
turn to the left and that there was marked dilatation of the pupils. One month 
before admission right facial paresis was present and the child became drowsy 
and irritable. 

On examination the child was found to be very drowsy. The head was 
large, measuring 21 inches in circumference. There was some rigidity of the 
neck and the muscles generally were hypotonic. There was marked bilateral 
papiUoedema, with haemorrhages in the peri-macular region, and a spontaneous 
horizontal nystagmus was present, with the quick component towards the 
right. All tendon reflexes were absent except the left biceps jerk ; a left Babinski 
response was elicited. 

A blood count showed a mild anamia. Plain radiography of the skull 
revealed no abnormality. Ventricular estimation, performed on 11th January 
1947, revealed bilaterally dilated lateral ventricles. Introduction of air into 
the left ventricle showed no air entering the right. "When this ventricle was 
filled directly, bilaterally symmetrical hydrocephalus was demonstrated, together 
with dilatation of the anterior portion of the third ventricle. A filling defect 
was seen in the posterior portion of the third ventricle. 

With a presumptive diagnosis of third ventricular tumour, a left parieto- 
occipital craniotomy was performed on 13th January 1947 under local ansesthesia. 
An opening was made through the parietal lobe into the left lateral ventricle. 
The third ventricle was opened through its roof, but bleeding obscured the 
operative field and no tumour could be seen. The wound was closed and the 
patient retiuned to bed, dying 12 hours later. A cranial examination was carried 
out post mortem the following day. 

Autopsy. The right side of the brain and cerebellum was bigger than the 
left. On remorTng the cerebellum, a tumour mass could be seen deep in the 
cerebro-cerebeUar sulcus. It extended backwards vmder and into the anterior 
lobe of the cerebellum, compressing the upper end of the fourth ventricle. 
Horizontal section of both brain and cerebellum disclosed, in the latter, tiunour 
masses in both hemispheres fanning out from a central mass. On the left side, 
a second tumour mass, 3 x 2-5 cm., lay in the pia mater and was pressing deeply 
into the left eerehellat hemisphere. The ventricular system was dilated above 
the Sylvian aqueduct. Superiorly, the tumour tissue compressed the quadri- 
geminal plate from the dorsal aspect, occluding the Sylvian aqueduct. It also 
extended forwards and downwards into the posterior portion of the third 
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ventricle. At the rostral end of the tumour, a podunculatod ma.ss was present 
’which measured 1’3 cm. in diameter. Its gross structure was similar to that 
of the main mass. 

Microscopic appearances. A general survey of the tumour tissue reveals 
a characteristic pattern (fig. 7). Denso nrgyrophil connective tissue divides 
the tmnour into lobules (fig. 8). This connective tissue is not obvious with 
ordinary connective-tissue stains. There are also groups of tumour cells within 
the meshes of the reticuhn network. Tho colls aro small, with spherical or ovoid 
nuclei in which a dense chromatin network can bo seen, and in some cases there 
is a nucleolus. For the most part there is little cytoplasm. In tho larger lobular 
masses the cytoplasm of most colls is pulled out into a small polar process. 
This is a more prominent feature in the smaller groups of cells within tho meshes 
of the connective tissue. The vessels, which aro not numerous, are situated 
within the stromal walls of the lobules. 

COJIMENT ON CASES 1-4 

On histogenetic grounds, case 1 represents a tumour of the primitive 
anlage without much attempt at differentiation. Case 2 is similar 
in structure to the foetal pineal body in that there are cords of 
connective tissue around tvhich the cells are orientated as in the 
180 mm. embryo (figs. 10 and 11). Case 3 shows little differentiation 
towards a lobular structure but there is an attempt at cellular differ- 
entiation and the picture resembles that of a neuroblastoma. In 
case 4 the appearances are those of the pinealoblastoma described 
by del Rio-Hortega (1933). He found similar differentiating cells in 
relation to the stroma. This tumour is apparently a further stage 
of differentiation of the “ mosaic ” type of pineal tumour ; instead 
of lobules of large cells being surrounded by smaller cells, they are 
now surrounded by connective tissue. Further differentiation of 
cells towards the normal pineal parenchymal cells results in the 
pinealocytoma, as described and illustrated by del Rio-Hortega. 

Case 5 

This patient, a male aged 18 j^ears, was admitted to hospital in tho care 
of IVIr G. E. Phillips on 30th November 1944. Ho was found to have bilateral 
ocular palsies, deafness of central type and marked papilloedema. He was 
of a lethargic and dull disposition. No other details of history or clinical 
examination are available. 

Plain X-ray examination demonstrated displacement of a large calcified 
pineal body anteriorly and inferiorly. Ventriculography showed dilatation 
of the third and lateral ventricles. The aqueduct of Sylvius could be seen 
distorted below a tumour which extended forward into the posterior part of 
the third ventricle from the roof of thetmid-brain. A diagnosis of a large tumour 
arising from the pineal region was made. Craniotomy was performed on 
5th December 1944. Tho tumour was formd to be inoperable. The condition 
of the patient deteriorated and he died on 22nd December 1944. 

Autopsy. (Cranial examination only.) Sagittal section of the brain disclosed 
a large tumour in the mid-brain region. It appeared to arise from the posterior 
end of the roof of the third ventricle and extended backwards into the cerebellum 
and forwards into the third ventricle. It was fiirm in texture and reddish-brown 
in colour, -with flecks of yellow in its substance. It measured 7 x 4-6 x 4-5 cm. 
and contained a calcified mass 7 ’6 mm. in diameter in its anterior end. 



PINEAL TUMOURS 


7 


Microscopic appearances (figs. 11 and 12). Tlie neoplasm is a teratoid growth. 
In the region of the ealcified nodule there is a mass of spheroidal cells mixed 
■with collections of lymphocytes and the appearance is that of the so-called 
“ pinealoma.” Elsewhere the tumour has an alveolar pattern. T^ese alveoli 
contain a variable number of vacuolated spheroidal cells. PapUlffi covered 
by these cells project into some alveoli. The cells are large and hav e irregular 
hyperchromntic nuclei. They rcscmhlc in some degree the cells of chorionic 
carcinoma. Examination was limited to three parafiin blocks and no other 
kinds of tissue were discovered. 

Discussion 

In this study, a number of glial tumours were discarded from the 
series for the reason that ghal tumours originating in the epiphysis 
are no different from glial tumours arising elsewhere in the brain, 
furthermore, as there is no distinctive pattern of glial tumours in 
this region, a destructive glioma may have arisen from any adjacent 
part of the mid-brain region, the exact site of origin being impossible 
to identity. 

Tumomrs of the pineal region are predominantly teratoid. Dorothy 
Russell produced convincing evidence as to the teratomatous nature 
of the so-called pinealoma. She pointed out also that the problem of 
ectopic “ pinealoma ” in the presence of a normal epiphysis is more 
understandable on a teratomatous hypothesis. Theoretically it is 
possible on histogenetic groimds for a true pineal tumour to be 
associated with an apparently normal epiphysis. Failure of the 
two branches of the primitive diverticulum to fuse and subsequent 
neoplasia of one branch would provide an adequate explanation. 
Ufo case of the kind, however, has been reported in the literature. 

The pineal organ is a vestigial structure with no known function 
and -true tumours arising from its essential constituent cells are rare. 
The “ mosaic ” type described by Horrax and Bailey ( 1925 ) as 
“ spongioblastic ” is an example. It resembles the developing pineal 
body in some respects, as does the “ pinealoblastic ” type of del 
Rio-Hortega, of which one example is presented here. 

It is suggested that undifferentiated epiphyseal tumours, because 
of their resemblance to neuroblastomas elsewhere in the body, should 
be designated ” pinealoblastomas,” and that more differentia'ted 
forms which reproduce to some extent the cyto-architecture of the 
normal epiphysis should be referred to as “ pinealocytomas.” The 
tumour heretofore designated “ pinealoma ” is apparently an atypical 
teratoma and should be classified -with the more ob-viously teratoid 
growths as suggested by Dorothy Russell. 

Classification of pineal tumours 

classification of pineal neoplasms is suggested, as 

1. Pinealoblastoma (cases 1-4 in this series). This tumour may 
show a varying architectural pattern depending on how closely the 
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architecture of the normal epiphysis is reproduced, but basically it 
resembles a neuroblastoma. The spongioblastic tjqie of Horrax and 
Bailey (1925) belongs to this group. 

2. Pinmlccytoma. This tumour is a more differentiated variety 
of 1 and more nearly approximates to the structure of the normal 
epiphysis. 

3. Ganglioneuroma. Just as there arc ganglion cells in the normal 
epiphysis, originally derived from neuroblasts, so a tumour producing 
ganglion cells should be expected (Horrax and Bailey, 1928 ; Schmincke, 
1929). 

4. Glioma. Various types of glioma have been described. The 
pineal body, being derived from a diverticulum of brain substance 
and containing its various glial components, is therefore not immune 
ffom tumoum of glial origin. 

5. Teratoma (including “ atypical ” teratoma) (case 5). This is 
the commonest neoplasm of the pineal region. Its histogenesis, as 
elsewhere in the body, apart from the sex glands, is obscure. 

Certain other conditions wliich, although not true neoplasms, 
behave in a similar manner from the symptomatic and clinical view- 
point are hydrops cyslicus, a condition due to failure of the primitive 
pineal diverticulum to become obliterated (Cooper, 1932-33), and 
hypertrophy of the pineal body, in which the commonest cause of the 
enlargement is hyperplasia of glial or mesodermal components. 

Melanoma has been described as a primary tumour of the epiphysis 
(Ogle, 1899), but owing to the widespread dissemination of such 
tumours, the exact site of the primary growth is often impossible to 
determine. 

SIalignakcy 

Throughout the literature there are examples of seeding in the 
ventricles and subarachnoid space of the teratoid group of tumom-s. 
That the true pineal tumours can also seed is well shonm in case 2, 
where there was intraventricular seeding, and case 4, where there was 
. a pial deposit near the original large pinealoblastoma. 

SmSEttAKY 

Five cases of neoplasm of the pineal region occurring amongst the 
patients of the Royal Prince Alfred Hospital, Sydney, have been 
described. Of these, four are considered to be true pineal tumours 
bearing a certain resemblance to the embryonic epiphysis. In the 
first three cases this resemblance is cytological only ; in the fourth 
architectural. The fifth case is a teratoid growth consisting for the 
most part of anaplastic carcinoma with an area of typical “ pinealoma ” 
in one portion. 

A classification of neoplasms of the pineal region is suggested. 

Thanks are due to members of the honorary staff of the Royal Prince Alfred 
Hospital, Sydney, for permission to report the cases in this study. Dr G. F. S. 
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Plate IV 



Fio. G. — Case 3. Pincalo- 
blnstoma. Microscopic 
appearance of tumour, 
showing its pattern. 
Hrematoxylin and eosin. 
xlSO. 

In^et shows cell pro- 
cesses. delRio-Hortega’s 
silver carbonate method. 
X3G0. 


Fig. 7. — Case 4. Pinealo- 
blastoma. Microscopic 
appearance of tumour ; 
note lobular pattern. 
Hrematoxj'lin and eosin. 
X90. 




Fig. 8. — Case 4. The 
pattern of the reticulin 
network is well demon- 
strated. del Rio-Hortega’s 
silv-er carbonate method. 
x90. 
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Plate V 


EmBTIVONIC riXKKL 



Fig. 9. — Epiphysis of 180 mm. embrj’o. Compare with fig. 3, case 2. Hrematoxylin 

and eosin. x200. 



Fic:. 10. Epiphysis of ISO mm. embryo to show cell processes. Compare with fig. .1, 
ca.se 2. Roger’s silver method. X 200. 
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Plate VI 


PiM \1 Tl MOt Its 



Fig 11. — Case 5 “ Pinealomntous ” area in tumour. The cjtoplasm of the tumour 

cells IS poorly defined Ha}mato\j Im and eosm. x 200. 



Fig. 


Ca=o j. Another portion of the same tumour vhich has the appearance 
of an anaplastic carcinoma Other areas (not figured here) are papillarj . Ha-ma- 
to'^jlm and eosm. x200. 
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Dtt\’ies of the Fairfax Institute of Pathologj’, Royal Prince Alfred Hospital, 
kindly made available much of the pathological material. The histological 
preparations were made by ilr Bruce Munro of the University of Sydney. I 
am indebted to Jlr Woodward Smith of the Jledical Artistry Department, 
University of Sydney, for the photomicrographs. 


REFERENCES 


COOPEK, Eugexia R. a. . . . 

Gladstoot, R. J., Wakeley, 
C. P. G. 

Hoerax, G., akd Bailev, P. . . 


SJ J> 

Ogle, C 

del Rfo-HOETEGA, P. . 


Bussell, Dorothy S. . 

SCHJtEKCEE, A. . . . 


1032-33. J. Anat., Ixvii, 28. 

1940. Tlie pineal organ : The comparative 
anatomy of median and lateral 
eyes, Baltimore and London. 

1925. Arch. Neurol. Psychiat., Chicago, 
xiii, 423. 

1928. Ibid., xix, 394. 

1899. Trans. Path. Soc. Land., 1, 4. 

1933. Anatomia microscopica de los 
tumores del systema nervioso, 
central y periferico, Madrid. 

1944. This Journal, Ivi, 145. 

1929. Beiir. path. Anat., Ixxxiii, 279. 




6i6 . 831 . 45 — 006 

TERATOMAS OF THE PINEAL REGION AND THEIR 
RELATIONSHIP TO PINEALOjVIAS 
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Department of Morbid Anatomy, University College Hospital 
Medical School, London 


(Plates VH-XH) 

Apaet fcom true gliomas, it has been customary to recognise two 
distinct varieties of primary tumour affecting the pineal body : (1) new 
growths of bidermal or tridermal origin (teratoid or teratomatous 
tumours) and (2) tumours composed of large spheroidal cells and 
small lymphocyte-like cells, which, because they bear a resemblance 
to the fmtal pineal body, were designated pinealomas by Krabbe 
(1923). These tumours, though rare, have been thought to occur 
with roughly the same frequency. 

In 1944, Russell presented evidence that some of the tumours 
described as pinealomas can be shown, on serial section, to contain 
a variety of structures of differing embryonic origin, and that, con- 
versely, many typical teratomas, whether occurring in the pineal or 
elsewhere, contain areas of “ pinealomatous ” structure. She suggested, 
accordingly, that the commonly accepted “ pinealoma ” is, in fact, 
an atypical teratoma and that true pinealomas are very rare indeed. 

Two cases are now described illustrating this relationship between 
teratomas of the pineal region and “ pinealomas.” One of the cases 
also presented the syndromes of diabetes insipidus and of arrested 
somatic and sexual development. The manner in which these features 
arose was clearly demonstrable in this case. 

Case keeoets 
C ase I 

The patient, an airman aged 23, was admitted to an Indian General Ho^ital 
in Hong Kong complaining of headache, inahdity to focus his eyes and double 
vision for the previous four weeks. There was no relevant family history nor 
any history of previous illnesses. 

^ On esammation at the time of admission, the patient was found to have a 
third nerve paralysis. The central nervous system was otherwise normal and 
no abnormal physical signs were found ebewhere. Lumbar puncture yielded 
cerebrospmal fluid which was not under increased pressure ; its constituents 
were normal. Blood and C.S.F. Kahn tests were negative. Xo malarial 

j Pini Bict— voi,. nsi U 
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parasites were found in the blood and a white-cell count and urine examination 
did not disclose any deviation from normal. 

A week later the signs and symptoms of nn upper motor neurone lesion 
involving the left side of the face and body became apparent. Occurring 
in association with the ocular signs of paralysis and gradually increasing 
papilloedema, this suggested that the mid-brain was the site of a tumour, 
but facilities for further investigation by ventriculography or intracranial 
exploration were not available. The patient died four wcelts after admission, 
having progressed from drowsiness through somnolence to deep coma. A 
lumbar puncture terminally yielded fluid under increased pressure and con- 
taining 1000 R.B.C./c.mm. 

Autopsy rcjjorl 

Autopsy was performed 17 hours after death. The body was 
that of a young adult European male, well-nourished and of good 
physique. There was a normal distribution of hair and the external 
genital organs were nomiallj'- developed. 

Central nervous system. The convolutions of the brain were Saitened 
and the third ventricle was distended. On sagittal hemisection, a 
tumour was revealed occup3dng the posterior half of the third ventricle 
(fig. 1). It arose from the mid-line of the ventricle by a narrow pedicle 
containing blood-vessels originating from the tegmentum of the 
mesencephalon below the aqueduct. The tumour had caused con- 
siderable dilatation of the ventricle, with deformity of the corpus 
callosum above and softening of the thalami laterallj^ especial^ on 
the right. Posteriorly the tumour had stretched and thinned the 
posterior wall between the splenium of the corpus callosum and the 
quadrigeminal plate, displacing the pineal body downwards and 
backwards on to the superior corpora quadrigemina. Tlie pineal 
itself appeared to be normal. The rostral end of tlie tegmentum was 
considerably softened and deformed bj' the tumour and the aqueduct 
was occluded. No other focus of growth was found in the ventricle 
or elsewhere and the remainder of the brain and its coverings appeared 
normal. 

Examination of the thoracic and abdominal viscera did not reveal 
any secondary deposits of growth, nor, apart from bilateral pulmonary 
oedema, any other pathological abnormality. 

Examination of the gross specimen revealed a firm fleshj’^ tumour, 
discoloured in places by altered blood and measuring 4-8 x 3-4 X 2-5 cm. 
(fig. 2). The outer siuface was irregularly lobulated and the cut 
surface showed this lobulation to be due to the presence of a number 
of cysts of various sizes. Some of the cysts contained clear fluid 
and others clotted blood. Many small areas of hsemorrhage into 
the substance of the tumour were also seen. 

Microscopic examination 

Sections from various parts of the tumour show considerable 
variation in appearance. The general ground-work consists of fibrous 
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Fig. 1. — Semi-diagrammatic drawing of tumour from case I. Xote normal pineal 
bodj’ displaced downwards and backwards on to quadrigeminal plate by tumour. 
Reduced. 



I'lG. 2. Cut surface of tiimour from e.ise I. Xote presence of manv evsts, some fill'-d 

with blood clot, y c. 1-4. 
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tissue ranging in density from coarsely collagenous to delicately 
mjTcomatous. INIany Hood vessels are seen, some possessing an 
endothelial lining and fibromuscular wall ; elsewhere there are thin- 
waUed vessels supported only by fine loose fibrous tissue, into which 
hjemorrhage has often taken place. Scattered throughout the stroma 
is a variety of structures of differing embrj'omc derivation (1) 
ectodermal (stratified squamous epithelium showing keratinisation 
fitr. 3) ; (2) mesodermal (connective tissue, plain muscle (fig. 4) 

and myomatous tissue) ; (3) entodermal (mucus-secreting columnar 
cells arranged in compound glandular formation and cubical and 
columnar epithelium arranged in simple acinar formation — fig. 5). 

In addition there are areas composed of large spheroidal cells inter- 
spersed with small lymphocyte-like cells, thus resembling the structure 
of the “ pinealoma ” (fig. 6). 

^Microscopic examination of the pineal body reveals a normal 
structure and there is no evidence of its invasion by the tumour. 

Summary of case I 

A young adult male presenting neurological signs of a tumour 
of the third ventricle but no psychic nor somatic sexual abnormality. 
Necropsy confirmed the presence of a solitary tumour in the third 
ventricle. ^Microscopy revealed a typical teratoid structure but also 
showed areas of “ pinealomatous ” structure. 

Case n 

The patient was first seen at the age of 18, when he was admitted to Leavesden 
Emergency Hospital under the care of Professor H. P. Himsworth. At this 
time he was found to be sufiering firom diabetes insipidus. He was noted then 
to he somewhat under-developed for his age. No cause was found for his ^ 
symptoms and he was discharged on Pitressin in saline. 

He was next seen three years later when he was admitted to IJniversity 
College Hospital, again under Professor H. P. Himsworth, with symptoms 
suggesting an increase in severity of bis diabetes insipidus. He was then 
described as a pale, thin man looking at least 5 years younger than his actual 
age of 21 years. There was no axillary hair, scanty pubic hair and only a sli^t 
downy growth on the face. The penis and testes were small and there was 
general skeletal imder-development, but X-ray examination of the skeleton 
showed the epiphyses of the long bones to be at a normal stage of fusion for bis 
chronological age. X-ray examination of the skull showed calcification of the 
pineal body with no displacement. The pituitarj^ fossa was normal. Examina- 
tion of the other systems revealed a soft regular pulse of 60, blood pressure 
/0/48, but no other physical abnormalities. There was a slight hypochromic 
anajrma and a low plasma -chloride level (362 mg./lOO c.c.). On Pitressin tannate 
in oil, intram\iscularly, his fluid balance reverted to normal, bis symptoms 
diminished and he gained weight. 

Tlie patient was lost sight of until his final admission to University College 
Hospital three years later. In addition to a history of anorexia, occasional 
\ omiting and gradual loss of 2 stones in weight, he had complained of headache 
and failing sight over the preceding six months. He was admitted in light 
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coma and was extremely emaciated and severely dehydrated. Largo patches 
of brown pigmentation were visible on his face. There was bilateral ptosis, 
the fundi showed bilateral primary optic atrophy, and tlio pupils did not react 
to light or accommodotion. Reflex conjugate deviation was obtained in the 
horizontal but not the vertical plane. All four limbs were spastic, with bilateral 
extensor plantar responses. The pulse was soft and regular at 84/min. Tlio 
systolic blood-pressure was 90 by palpation (the sounds could not bo heard). 
Large quantities of pale urine containing no urinary chloride and of specific 
gravity 1002 were being passed. A mid-brain tumour was diagnosed but the 
patient was thought to bo too ill for ventriculography. The fluid and 
salt deficiency were corrected and Pitressin and Eucortono wore administered. 
The blood pressure rose to 120/70 but the signs indicated rising intracranial 
tension. The coma deepened and the patient died 48 hours after admission. 


Aniopsy report 

The autopsy was performed by Dr L. E. Glynn, four hours after 
death. The poor development of physique and secondary sexual 
characteristics were again noted. 

The brain was mdematous and its convolutions were flattened. 
The third ventricle was distended, its floor bulging down between 
the mammillary bodies and the pituitarj^ stalk. The tuber cinereum 
and infundibulum were distended and stretched the optic tracts 
proximal to the chiasma. On opening the third ventricle, a tumour 
was seen occupjdng its posterior end and bulging backwards between 
the splenium of the corpus caUosum and the quadrigeminal plate 
(fig. 7). The tumour arose from the anterior end of the mesencephalon 
and in growing backwards and do^vnwards had caused softening and 
destruction of the tegmentum and obliteration of the aqueduct. 
Above the quadrigeminal plate, the tumour appeared to have fused 
with the habenular commissure, pineal body and posterior commissure 
and these structures could no longer he defined separately. An 
implantation from the tumour had occurred in the infundibulum 
and extended partly into the optic recess immediately above the 
chiasma (fig. 8). The main tumour had caused considerable distension 
of the third and both lateral ventricles. 

The hypophysis was not increased in size but the posterior lobe 
appeared to be disproportionately enlarged at the expense of the 
pars intermedia and anterior lobe (fig. 9). 

Examination of the rest of the body did not reveal any evidence 
of secondary deposits of the tumour but there was striking hypoplasia 
of all the internal organs. The heart weighed 160 g., the liver 760 g. 
and the kidneys together 150 g. The small and large intestine together 
were no more than six feet in length. Hypoplasia was especially 
marked in the ductless glands. The thyroid and adrenals were very 
small and the testes were about l'6x0'5 cm. in diameter. 

The proximate cause of death was moderate oedema and broncho- 
pneumonia of both lower lobes. 

Macroscopic examirMtion of tumour. The primary tumour was an 
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Fig. 3. — Case I. Area of tumour sliowing 
tongue of stratified squamous epitlielium 
with central keratinisation. Hxmatoxylin 
and eosin. x80. 
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Fig. 4.-Cn=e I. Irregular strands of plain 
muscle. H.'cmatox.vlm and eosm. X -a . 



Fig. •’). — Ca '50 I. Glandular structure lined 
by columnar mucus-^ccroting cells and 
«;urroundod by a mj’xomatous stroma. 
Ha'matoxylin and 00=510. x-lo. 



Fig. G. — Case I. Small area of “ pinealoma 
cells cro' 5 =ing the field obliquely. Note 
large round or oval cells (top left) and 
small round cells. Hfcmatoxylin and 
X370. 


eosm. 
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irregularly shaped mass -whose maximum dimensions -were 3*4 X 
2*8x2 cm. It was finn. in consistence and gre 3 dsh-wliite in colour, 
with scattered bro-wmish areas of hsemorrhage and necrosis and small 
gUstening pearly-white foci -visible on the cut surface. The seedling 
from the hypothalamic region was similar in consistence and appearance 
except that the cut srmface presented a more uniform greyish-white 
appearance and one small cystic space was -visible. 


Microscopic exajninalion 

Sections from different parts of the primary tumour showed the 
general groundwork to consist of a loosely cellular tissue -with, 
here and there, areas of necrosis and scattered foci of calcification 
surrounded by foreign-body giant cells. The non-necrosed -tissue 
was composed of two types of cell scattered diffusely throughout a 
loose network of connective tissue (fig. 10). One was a large round 
or oval cell with basophilic cytoplasm and a large vesiculated nucleus. 
The nuclear membrane was clearly demarcated and a prominent 
nucleolus was often -visible. The other was a much smaller cell 
indistinguishable from a small lymphocyte. The large round cells 
were arranged in groups in a loose network or scattered singly in loose 
clusters. The small cells were interspersed among the groups of larger 
cells but were most prominent in the region of blood vesseb. The 
general afrangement of these cells is illustrated in fig. 11. Arranged 
haphazard in the midst of this tissue, which was regarded as typical 
of a pinealoma, were a variety of structures such as nodules of cartilage, 
acini lined by tall columnar epithelium and small islands of squamous 
epithelium (figs. 12-14). 

The microscopic appearance of the seedling in the hypothalamus 
(fig. 15) was similar to that of the primary tumour except for the 
absence of teratomatous elements. Extension of the gro-wth could be 
traced into the infundibular stalk and anteriorly into the optic recess 
above the chiasma, but posteriorly the mammillary body was not 
involved (figs. 8 and 16). The neoplastic tissue could be followed 
along the infundibular stalk to the posterior lobe of the hypophysis, 
which also showed diffuse infiltration -with the large and small round 
cells. The large cells in this situation were arranged singly or in 
pairs or small clusters while the small round cells were relatively 
abundant and surrounded the islands of larger cells (figs. 17 and 18). 
No teratomatous elements were seen. The anterior lobe of the 
hypophysis was somewhat reduced in size but eosinophil, basophil 
and clnomophobe cells -were present in approximately normal 
proportions in the sections examined. Serial sectioning and a 
differential count of the cell types were not undertaken. 

The other ductless glands showed marked evidence of hypoplasia. 
The a^enals were much smaller than normal, due to a striking 
reduction m amount of the cortical tissue. The seminiferous tubules 
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of the testes were atrophied, those present being lined bj' a single 
layer of cuboidal spermatogonia. Spermatogenesis was suppressed, 
the seminiferous and efferent tubules containing merely a little colloid 
material. The interstitial tissue was composed largely of collagen, 
Lej’^dig cells being absent or very scant5\ The epididymis showed a 
striking hypertrophy of the fibromuscularis surrounding the efferent 
ducts. In general, the testes showed no evidence of gonadotropic 
stimulation. 

Summary of case II 

A young adult male showing retarded sexual and somatic develop- 
ment and diabetes insipidus of gradual onset and increasing severity. 
Terminal neurological signs of third ventricular tumour. Necropsy 
disclosed tumour tissue in the posterior portion of the third ventricle, 
with a seedling in the hjqiophj'^seal region, lilicroscopically the main 
tumour contained a mixture of teratomatous and pinealomatous 
elements, but the seedling in the floor of the third ventricle and the 
cellular invasion of the hypophyseal stalk and posterior lobe of pituitary 
were of pure “ pinealomatous ” structure. 

Discussion 

Morbid anatomical features of teratoma and pinealoma 

The occurrence and distribution of intracram’al teratomas have 
been reviewed by Askanazy (1907), -Barron (191C), Hosoi (1930), 
Harding and Naish (1935), McLean (1935), Bochner and Scarff (1938) 
and Ingraham and Bailey (1946). These authors have differed in 
their criteria of what constitutes a true teratoma, in confining or not 
confining their reviews only to those tumours occurring in the pineal 
region, or, as in the case of Ingraham and Bailey, in reporting cases 
from a restricted age group (cliildren up to the age of 15). 

Hosoi collected 18 cases from the literature which ho described ns teratomas, 
and a further 23 cases which ho classed as teratoid tumours because derivatives 
of all three primitive germ layers were doubtful or absent. Of the total colleetion 
of trunours, 19 involved the pineal body and 9 the hj-poplij-sis ; the others 
were stated to have arisen from the tela choroidea of the third ventricle, tlie 
tuber cinereum, the cerebellum and the cerebollo-pontine angle. Hosoi’s own 
case arose in the fourth ventricle. Harding and Nnish’s case II also arose in the 
fourth ventricle, their case I from the hypothalamic area. 

Bochner and Scarff, confining their review to cases involving the pineal 
body, accepted only 13 as true teratomas and 4 ns teratoid tumoiu-s, rejecting 
some of the cases accepted by Hosoi or describing them as undifferentiated 
tumoiu-s or tumours of mixed or doubtful origin. Bodmer and Scarlf’s case 
was a typical tridermal teratoma arising “ from the pineal region.” The tumour 
contained an area of “ pinealoma ” cells which was interpreted by these authors 
as a remnant of the pineal gland itself, arrested in mid-fcetal development. 

McLean, reviewing substantially the same field, accepted 25 cases as “ pineal 
teratomas,” but described his own case as a “ parapineal teratoma,” since a 
normal pineal body was found lying on the quadrigeminal plate. He quoted 
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Fig. 10. — Case II. Low-power ^^ew of section 
from tumour m pmeal region, shoiving areas 
of “pinealoma” structure, with necrosis of 
tissue at left top and bottom, and rudimen- 
tarj' glandular structures at left centre. 
HiematOTj’lin and eosin. xoO. 



Ik., li. Cn«o II. Another field showing a 
\nricty of teratomatous stnictiires. Note 
acinar fonnatioiis (ncht and left centre), 
cartilacc (top centre), scpiamous epithelium 
(bottom riclit). Hwmatoxvlin and eosin. 



Fig. 11.— Case 11. Area of “pmealoma ” tissue 
at greater magnification, showing admixture 
of large and small cells. Xote prominent 
nucleoli in large cells. Hiematoxylin. and 
eosin. X 210. 



Fig. 13. — Case II. From primary tumour. 
Acmar structure at higher magnification, 
showing character of lining epithelium. 
Hrematoxylm and eosin. y 210. 
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Fjc. 14 — Case II. Edge of island of cortilagmous tissue (from primary tumour). 
Hscmato-'.ylm and eosin. x 2.10. 



I lo. 1 . 1 fasoll. Hmh.pou or \ lew of seedling m hypothalamu area Xote ini reaped 
numbers of small round cells Hmmntovjlm and eosin y 200. 
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teratomas of the pineal region 

E^vint^ ns mentioning that in some cases of “ pineal teratoma ” a normal pineal 
bodj'°is found and suggested that in such instances, and m particular m the 
cace described by him, the tumour may originate from other primitive out- 
pouchings from the diencephalon such ns the precommissural organs or the mid- 
habenular corpusculum pavietale. 

Inmraham and BaUey described 15 teratomas or teratoid tumours located 
■vritbin the central nervous system and occurring among 231 neoplasms of the 
central nenmus system in chUdren up to the age of 15 seen over a period of 
20 vears at the Children’s Hospital, Boston. Included among these 15 cases 
xvere 8 intracranial tumours, one of -which, a true tridermal teratoma, occurred 
within the third ventricle. Other intracranial tumours of varj-ing degrees of 
differentiation occurred in the cerebellum, fourth ventricle, fronto-parietal 
remon, choroid plexus and, bilaterally, in the frontal region. These authors 
also describe eases of intraspinal teratoma. 

Cairns (1926) suggested that the “ seminoma ” or spheroidal-celled tumour 
of the testis might be, in fact, an atj-pical teratoma, and later when reporting 
a tj-pical pinealoma occ-urring in the third ventricle, Harris and Cairns (1932) 
remarked upon the close histological resemblance between the pinealoma and 
the seminoma, adding “ It ma 3 - be more than coincidence that hoth the pineal 
gland and the testis, organs which are concerned -with sexual function and 
which are knoim to give rise to teratomas, also give rise to spheroidal-celled 
tumours that bear a strong resemblance to one another ”. 

Pinealomas have been collected and reviewed bj- Horrax and Bailej' (1925), 
Globus and Silbert (1931), Russell and Sachs (1943), Russell (1944), and Horrax 
(1947). AH agree that the tumour originates tj-picaUy in the pineal bodj^ and 
is commonlj' accompanied by seedlings in other parts of the ventricular system ; 
most of these authors cite the close histological resemblance of the tumour 
to the fcBtal pineal body as eridence of its origin. Russell (1944), however, 
presented evidence of teratomatous elements in three pinealomas .examined 
by her, and, on the other hand, found “ pinealomatous ” areas in two teratoid 
tumours. Since then, cases have been reported bj' Ehni (1946) and by Glass 
and Culbertson (1946) in which similar “ pinealomatous ” areas were demon- 
strable in otherwise typical (tridermal) intracranial teratomas, and a similar 
case is cited bj- Willis (1948) in liis section on cerebral teratomas. 

Russell has also drarm attention to the occurrence of so-called “ ectopic 
pinealomas”, quoting nine examples from the literature and adding two further 
cases. To these may be added case H of the series reported by Horrax. These 
tumours arose variously from the infundibular region, the floor of the third 
ventricle, the quadrigeminal plate and the region of the vermis. In each case 
the pineal bodj' was normal. Russell remarks (p. 149) “ . . . the occurrence 
and distribution of the so-called ectopic pinealoma in the brain is more easilj' 
imderstood if the demonstrably innocent pineal gland is exonerated ”. 

WTiile typical teratomas may occur at any level in the central 
nervous system, arising in or close to the mid-line, the posterior end 
of the third ventricle appears to he an especially common site. The 
pineal body, because of the occasional presence -within it of vestigial 
embiyonic structures and because of its close apposition at one period 
of fcetal development to the other primitive germ layers, has been 
held to be the point of origin of these tumours. The finding of a 
normal pineal body in some cases -would make it appear that the 
pineal itself is not the universal site of origin of these tumours. 
Tumours arising in or near the mid-line from the quadrigeminal plate 
and e.xtending forwards, or from the posterior wall of the third ventricle 

J. rATlI. BACr. — VOL. LXI 


B 



18 


K. WALTON 


and extending backwards, must necessarily press upon and destroy 
or infiltrate mid-sagittal structures such as the posterior commissure, 
the pineal body and the habenular commissure. The fact that these 
structures can no longer be identified separately, therefore, does not 
necessarily justify the supposition that the tumour arose primarily 
in the pineal. 

My cases illustrate the follondng points in connection with these 
tumours : — 

1. The histological relationship of teratomas and pincalomas, as 
emphasised by Russell, is upheld in case I, which is an example of a 
typical teratoma containing areas of “ pinealoma ” cells. Case 11, 
on the other hand, shows a predominantly pincalomatous structure, 
though teratomatous elements are also demonstrable. The implanta- 
tion in the hypothalamic area, in this latter case, shows a transition 
to a whoUy pincalomatous structure and this is also e\'ident in the 
infiltration of the posterior lobe of the hypoph5fsis. Had the seedling 
in the hypothalamic region alone been found, there is no doubt that 
it would have been described as an ‘‘ ectopic pinealoma ”. 

2. That tumours arising in the posterior portion of the third 
ventricle may sometimes merely extend to and involve the pineal 
body rather than originate from it is also illustrated by these cases. 
In case I the tumour had extended sufficiently far back to cause the 
structures between the splenium of the corpus callosum and the 
quadrigeminal plate to bulge caudally, but the intact and uninvolvcd 
pineal body (as in McLean’s case) was found pressed downwards on 
to the quadrigeminal plate. In case II, the tumour had extended 
even further caudally and had fused with the structures between 
the splenium and the quadrigeminal plate. The pineal body could 
no longer be identified. Nevertheless, both this tumour and that in 
case I clearly arose from the tegmental region. 

3. The extensive involvement of the hypothalamic region, the 
optic recess and the posterior lobe of the hypophj^sis indicates the 
essentially infiltrative and malignant character of these lesions and 
supports the clinical evidence on this point. Removal of these tumours, 
though sometimes initially successful, has almost invariably been 
followed by recurrence, whether the tumour was a well-differentiated 
and typical teratoma, as in cases described by Ehni and hy Ingraham 
and Bailey, or a “ pinealoma ”, as in cases described bj^^ Horrax. 


Endocrine dysfunction occurring in association ivitli 
intracranial teratoma and pinealoma 

Diabetes insipidus. The occasional occurrence of diabetes insipidus 
in association with these tumours has not always been easily explicable, 
since it has not been possible to show direct involvement of the 
posterior lobe of the hypophysis in some cases presenting this syndrome. 
The earlier views have been summarised by Stringer (1933-34). Recent 
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experimental, pliysiological and clinical evidence indicating that the 
essential lesion is an interruption of the supra-optico-hypophyseal 
tract has been reviewed by Jones (1944) and discussed in relation to 
pineal tumours by Horrax (1947). The latter has shorm that even in 
cases where macroscopic see dl i n gs in the hypothalamic region have 
not been seen, sections have revealed microscopic infiltration of the 
floor of the ventricle interrupting the pathway from the supra-optic 
nucleus to the posterior lobe of the hypophysis. 

AbnorinciJities of sexual dcvdopmcnt. In a review of the clinical 
picture presented by these tumours, Posner and Horrax (1946) refer 
to a small proportion of cases which show some disturbance of sexual 
development. In cases occurring before puberty, macrogenitosomia 
prrecox or precocious puberty has occasionally been met with. Horrax 
and Bailey, in 1925, were able to collect 14 cases showing this feature. 
Betardation of sexual development has also been described. Rarely 
this may be of the dystrophia adiposo-genitalis type, or may be a 
generalised hypopituitarism evidenced by severe cachexia, absence 
of secondary sex characteristics and poor development of the genitalia. 
Cases 8 and 9 of Horrax and Bailey’s series were of this latter type. 

In spite of the equivocal evidence for the view that the pineal 
body serves an endocrine function in relation to sexual development, 
the occasional occurrence of these abnormalities of sexual development 
in association with tumomrs of this region has been held to be con- 
firmatory of the origin of the tumours from the pineal body. The 
pros and cons of this argument have been fuHy discussed by Krabbe, 
Horrax and Bailey, Globus and Silbert, and Russell and Sachs. 

Recent experimental, physiological and clinical evidence has been 
assembled by Weinberger and Grant (1941) indicating that a centre 
in the posterior hypothalamus in the region of the mammillary bodies 
is the seat of control of sexual development, its action being mediated 
through pathways, as yet not definitely demonstrated anatomically, 
to the anterior lobe of the hypophysis. Much evidence has been 
assembled which suggests that lesions in the region of the mammillary 
bodies, whether inflammatory, neoplastic or experimental, are 
constantly accompanied by precocious puberty in children and young 
animals. Moreover, 15 cases of precocious puberty in children, all 
of whom showed trmaours involving the posterior hypothalamus in 
the region of the mammillary bodies, have been collected, in 12 of 
which the pineal body was specifically stated to be normal. 

In the light of this evidence it is interesting to note that my first 
case, which had not involved the floor of the ventricle, did not exhibit 
diabetes insipidus nor any evidence of abnormal sexual development. 
On the other hand, when the floor of the ventricle was extensively 
invaded, as in my second case, diabetes insipidus was present. In 
this case, moreover, the mammillary bodies were uninvolved and the 
patient showed a kind of functional hypophysectomy. This was 
e\idcnced clinically by a general retardation of somatic development 
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(lack of g^o^^’th hormone) ; b}' instability of tlie electrolyte balance, 
consistently low blood pressure and terminal pigmentation of the 
face reminiscent of that seen in Addison’s disease (lack of adreno- 
corticotropic hormone) ; and by sexual hypoplasia (lack of gonado- 
tropic hormone). j\Iicroscopic confirmation of these changes was 
obtained at autopsy. 


SUJULUIY AKD CONCLUSIONS 

1. The presence of “ pinealomatous ” areas in a tj^pical pineal 
teratoma and the transition of an atj'pical teratoma to a pinealomatous 
structm-e in its seedlings, support the view that inanj’’ tumours in 
this region, reported as pinealomas, are really atj'pical teratomas. 

2. Since similar “ pinealomatous ” areas occur in intracranial 
teratomas situated elsewliere than in the pineal and even in teratomas 
occurring in other parts of the bod}' (testis and ovary), the resemblance 
of these areas to the foetal pineal is not conclusive evidence of their 
origin from pineal tissue. 

3. In some cases the pineal body is demonstrablj’ not involved, 
and in these the terms “ parapineal teratoma ” or “ ectopic pincaloraa,” 
which suggest an origin from the pineal bod}’, are not justified. In 
other cases close examination of the tumour often suggests that an 
inert pineal body has become involved, by virtue of its anatomical 
position, in a tumour originating nearby from the posterior end of the 
tliird ventricle or from the quadrigeminal plate. Here again a primary 
pineal origin is doubtful. 

4. These tumours are often invasive and microscopic involvement 
of the floor of the third ventricle is often of greater extent than naked- 
eye examination would suggest. Interruption of the supra-optico- 
hypophyseal tract in this manner accounts for the occasional production 
of diabetes insipidus. The occasional occurrence of abnormalities 
of sexual development in association vith these tumours is probably 
also due, not to the involvement of the pineal bod}^ whose endocrine 
function is doubtful, but to spread to the hypothalamic area or the 
hypophysis. 

I am indebted to Professor G. R. Cameron, F.R.S., for his encouragement 
to publish these cases and for helpful advice and criticism in the preparation 
of the manuscript, and to Professor H. P. Himsworth for permission to summarise 
the clinical case notes and Dr L. E. Glynn for the autopsy notes of case II. 
My thanks are due to Mr J. H. Bayley for histological preparations from this 
case. For permission to publish case I, I -wish to thank Lt.-Col. T. Pahwa 
Officer Commanding, Indian General Hospital, Hong Kong, and the Director- 
General of the Army Medical Service. I am grateful to Professors R. A. WilUs 
and Dorothy S. Russell for their opinion on histological material from these 
cases and I wish to express my thanks to Mr K. S. MacDonald and Miss A. 
Pen-Symonaiori;he_gKl0!ti!li5;«g|aphs and photographs. 
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AN EXPERBIENTAL STUDY OP THE DELATION- 
SHIP BETWEEN PLASMA PBOTEINS AND LH^Pv 
DISTURBANCE * 

K-SVOK-KeW CHE^*G t 

From the Department of Morbid Anatomy, University 
College Hospital Medical School, London 

S051E investigators maintain that the liver is the main, if not the 
only source of the plasma proteins, or that the liver is the chief 
storehouse for these proteins, doling them out into the blood as the 
need arises. But there is a group of -workers who are not so certain 
about this relationship, and who hold that a specific reservoir for 
proteins cannot as yet be named. Por them, there exists a labile 
association between many of the body tissues and the blood proteins, 
and there may be no luMt to the types of cells which can be dra-vvn 
upon for proteins when the emergency arises. In this paper I re- 
consider the problem of plasma-protein origin, -with especial attention 
to the theory of hepatic origin, based on new experimental work 
carried out on animals during the last -two years. 

ilETHODS 

Rabljits and rats were subjected to a variety of procedures which are well 
kno-uTi to induce hepatic damage or insufficiency, namely : — 

(а) Single and repeated subcutaneous administration of carbon tetrachloride, 

which leads to acute liver necrosis and cirrhosis. 

(б) Repeated cutaneous application of coal tar, which causes necrosis and 

chronic liver damage ending in cirrhosis. 

(c) Repeated oral administration of butter-yellow, which leads to cirrhosis 

and tumom: -formation in the liver. 

(d) Ligation of the common bUe duct with prolonged interruption of bile 

excretion. 

(e) Establishment of an Eck fistula to reduce the inflow of portal blood. 

{/) Hepatectomy. 

The plasma-protein concentration of the experimental animals was followed 
at intervals, liver flmction tests based on variations in plsisma-protein fimctions 
(thj-mol turbidity, colloidal gold and, in rabbits, the Takata-Ara reaction) 
being performed sunultaneously. Finally the biochemical behaviour was 
correlated -with the structural alterations in the liver. 


, A thesis approved by the Universitv of London for the decree of Doctor 

os Pinlosophy. 

t Graham Scholar. 
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Further experiments included n study of the rate of regeneration of plasma 
proteins after bleeding in Eck fistula rats and after the administration of 
carbon ink and carbon tctraclilorido, together with some observations on 
the influence of general metabolic disturbances and impaired nutrition caused 
by dinitro-o-cresol on plasma-protein concentrations and on liver function tests. 


Animnh 


Altogether 177 rats and 44 rabbits were used in these experiments.* There 
was a fairly high incidence of imnvoidablo casualties in some experiments, 
especiallj’’ after severe operative procedures. Both rats and rabbits were of 
uncertain stock, about two-thirds being obtained from outside dealers and 
the rest bred from our own stock. Those from external sources were acclimatised 
in our animal house for at least three wcclcs before use. All appeared healthy 
at the beginning of the ox]5crLments. Xo discrimination was made between 
sexes. Rats weighed from 1 10 to 325 g. with the majority about 200 g., rabbits 
from 1-7 to 3-C kg. 

Diet 


Bats. Three diets were used for different e.vperirnent.s. (1) The first was 
the M.R.C. diet VII, supplied in cubes of the following composition : 


Rolled oats or ground onts 
Vfliolomcal flour . 

Dried yeast . 

Dried skimmed milk 
Moat and bone meal 
Cod-liver oil . 

Sodium chloride , 
Calciiun carbonate 


30 per cent. 
35 


15 

10 

2 

1 

1 


tP 


This diet was given in liberal quantities, with an unlimited supplj* of drinking 
water and frequent supplements of green vegetables in all experiments with 
the exception of the following two investigations. 

(2) In the dinitro-o-cresol experiments the Rowott Institute Diet (Thomson, 
1936) was used. The cubes were pulverised in a mortar and mixed "with dinitro- 
o-cresol solution to the required concentration. During the first month the 
diet was given without limitation, after which each rat received onl 5 ' 15 g. 
per day. Drinking water was supplied ad lib, and green vegetables were given 
frequently. 

(3) In the butter-yellow experiments, the animals were fed on a mixture of 

Unpolished rice • • - . 1 leg. 

Pea-nut oil c.c. 


with a liberal supply of drinking water. They also received 1 g. of fresh carrots 
every morning except on Sundays. Tlie protein content of this mix-ture is 
less than 1 per cent. 

Rabbits. The rabbits received unlimited amounts of stock diet in pellets of 
the following composition. 


Grass meal .... 
Ground-nut cake . 

Barley meal or sugar-beet pulp 
Calcium carbonate 


30 

16 

20 

1 


per cent. 


This was supplemented with hay and drinking water, 


* Full tables are included in the original thesis, which is deposited in the University 
of London Library. ^ 
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Procedures for induemg liver damage 

Administration of carbon tetrachloride, (i) Tliree rabbits were given a single 
subcutaneous dose of 1 c.c. per kg. body weight of carbon tetrachloride (Analar). 

(ii) Six rabbits received daily subcutaneous injections of 1 c.c. per kg. 
body weight of carbon tetrachloride. Tliree animals were killed on the third 
day*. In the remaining 3 the injections were continued imtil they died or 
became very weak, when they were killed. 

(iii) Tliirteen rabbits were given bi-weekly subcutaneous doses of carbon 
tetrachloride. The initial dosage was 0-5 c.c. per kg. body weight. As the 
animals acquired more tolerance to the poison, the dosage was increased from 
time to time. Towards the end of the experiment the survivors were tolerating 
4 c.c. per kg. body weight. With rapid deterioration of the animal, the dose 
was decreased or even discontinued, but resumed when the animal improved 
in condition. The aim was to maintain the animals in a toxic state with gradual 
loss of weight until cirrhosis of the liver was established. Strict asepsis was 
maintained in giving the injections but abscesses developed in the later periods 
in the injected areas of some animals. The experiment lasted 38 weeks. Body 
weights were recorded at regular intervals. 

Application of coal tar. Sixteen rabbits were emplo 5 'ed, 11 of which were 
tarred and 5 served as controls. Coal tar obtained from a local shop was applied 
to the external surface of one ear in 5 rabbits and to the shaved skin of alternate 
sides of the back in 6 rabbits. Tarring was done twice a week up to 16 weeks 
and approximately 2 c.c, were applied each time. Acctunulations of dried and 
hardened tar often required to be removed before fresh applications were made. 

Administration of butter-yellow {^-dimethylamirioazobenzene). Butter-yeUow 
was dissolved to a concentration of 3 per cent, in peanut oU with the help of 
gentle heating, 30 c.c. of this solution being intimately mixed with 1 kg. of 
unpolished rice and supplied in generous amounts to the 32 experimental animals. 
The control rats received the same diet without the butter-yeUow. All the 
animals were given supplements of fresh carrot (1 g. per day) and water ad lib. 
All lost weight and in the later stages showed loss of hair, dermatitis and scaly 
skin. 

Ligation of the common bile duct. The method of Cameron and Oakley (1932) 
was employed. Forty rats survived the experimental procedure. Sham 
operations were performed on 27 controls. Groups of rats were killed with 
ether at intervals ranging from 5 to 90 days after collecting blood samples by 
cardiac pimcture. The animals were weighed at regular intervals. Six rabbits 
underwent the operation successfully but the mortality from ruptured gall 
bladder and bile peritonitis was very high. 

Eck fistula. This was successfully produced in 13 rats by the ingenious 
method of Whitaker (1946). The controls underwent a sham operation. The 
daily food intake of the Eck fistula rats was noted and the same amount fed to 
the control animals. Xo special after-care was necessary if the operation proved 
successful. The technique of Glynn and Himsworth (1946-48) of slowly injecting 
1 c.c. of freshly filtered Mandarin black into the spleen, after opening the 
abdominal cavity under ether aniesthesia, was used for studying the hepatic 
circulation in 5 experimental and 3 control rats. 

Hepatectomy was performed on 11 rabbits by the method of McMaster and 
Drury (1929). The animals fasted overnight but were given an adequate supply 
of drinking water. Before operation and after collecting a sample of blood 
they were given 10 c.c. of 10 per cent, glucose solution intravenously. After 
openfrion the animals were moved to a warm dark room and kept as quiet as 
possible, as any disturbance may precipitate con\*ulsions foUowed by death. 

intravenous drip of 10 per cent, glucose solution into the marginal vein 
o an ear was started at once. The needle was held in place by two clips and 

le ear was stitched to the skin of the back. Each animal received about 1 c.c. 
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of glucose solution per minute. Tho clrip required occasionnl ndjuslmcnt, as 
it gradually decreased in rate. 'fSvo rabbits wore hopatectomised rvithout 
subsequent glucose administration. Six controls utulonvont a sham operation 
and about 10 c.c. of blood wore removed during this procedure. Glucose solution 
was then administered in tbo way described above. Blood samples were taken 
at intervals from all animals. Groat difficulty was oxpcriencod in bleeding tlio 
hepntectomised animals in their terminal periods. 

Bleeding, with and without carbon ink and carbon tctracJdoridc injections 
and Eck fistula. Twenty-five adult rats were bled by a modification of tbo 
technique of Cutting and Cutter (1035). Cardiac puncture was used for bleeding 
and tho blood samples were heparinised. O’hc procedure wa-s performed on : — 
(1) six rats after intraporitoncal injection of 1 c.c. of carbon ink ; (2) five rats 
after subcutaneous injection of 0-2 c.c. carbon tetrachloride per 100 g. body 
weight ; (3) five rats after tho establishment of an Eck fistula by tho method 
already mentioned ; (4) nine control rats. 

Administration of dinitro-o-crcsol. Eleven largo adult rats weighing 2S0- 
325 g. wore used. Dinitro-o-cresol (0-25 g.) was dissolved with 0-12 g. sodium 
bicarbonate in 100 c.e. of distilled water. Bowott Institute rat cubes wore 
pulverised and tho dinitro-o-crcsol solution was intimately mixed u'ith 1 kg. 
of the powder, giving a final concentration of 0-025 per cent, (w/w) dinitro- 
o-cresol in tho diet. Unlimited amounts of this mixture together with drinking 
water ad lib. and frequent supplements of green vegetables were supplied to 
rats for a month. They ate voraciously but lost weight. As no variation was 
noted in their plasma-protein concentration at the end of this time they were 
subsequently maintained on 16 g. of food per rat per day, and tho concentration 
of the dinitro-o-crcsol was gradually raised from 0-025 to 0-05 per cent. This 
produced a tremendous reduction in body weight. Controls wore used after 
the first month, and these received about tho same quantity of food ns tho 
experimental animals. 

Biochemical methods 

In rabbits, blood samples were collected directly from tho marginal vein 
of the ear into dry centrifuge tubes ; iiv rats, cardiac puncture was performed. 
Serum was collected after clottmg and centrifugation at 3000 r.p.m. for 20 minutes. 
In the experiments on regeneration of plasma proteins, heparinised plasma was 
used. Estimations of total protein, albumin, globulin and non-protein nitrogen 
were made by the micro-Kjeldnhl method of Rimington and Bickford (1947). 

The thymol turbidity and serum colloidal gold tests were performed on rats, 
using the methods of JIaclagan (1944a and b). In rabbits, Ucko’s modification 
(1942-43) of tho Takata-Ara tost was done in addition. 

The direct Hijmans van den Bergh reaction was followed in animals whoso 
common bile ducts had been ligatured. 

Positive human sera from the clinical pathological laboratory of University 
College Hospital served as a check on the sensitivity of the reagents for tho 
three liver-function tests. 


Histological methods 

At the end of the experiment, or when they were moribvmd, the animals 
were quicldy killed with ether and a careful autopsy was performed. Particular 
attention was paid to the macroscopic appearance of the liver, spleen and 
portal system, and a collateral circulation and ascites were looked for. The 
liver was weighed and often a sketch of the lesions was drawn. Samples of 
tissue up to 3 mm. thick were taken from all lobes of the liver, spleen, duodenrim, 
ileum, kidneys, heart, adrenal glands, mesenteric Ijmph glands, bone marrow 
of femur, extensor muscles of thigh, often brain and any tissue which appeared 
abnormal on naked-eye examination. At least seven samples were removed 
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from the liver of each rat and about a dozen from rabbits. These were fixed 
in 10 per cent, fomiol-alcohol and 10 per cent, formol-saline. After tTventy-four 
hours they were trimmed and fixed in fresh fixatives for a further twenty-four 
hours. Material from the 10 per cent, formol-alcohol was dehydrated m 
graded alcohols, cleared in chloroform and embedded in paraffin. Frozen 
sections were cut from tissue fi.ved in 10 per cent, formol-saline and stained for 
fat with Soharlach R. or Sudan IH with Ehrlich’s acid hcematoxylin as the 
coimterstain. The paraffin sections were stained with Ehrlich’s acid hfflmatoxj-hn 
and eosin and Weigert’s iron hsmatoxylin and van Gieson’s stain. 

Sections of the liver were examined by an independent person without 
any knowledge of the experimental details of the animals and a very conservative 
assessment of the extent of damage was made. 


Results 

Subcutaneous administration of carbon tetrachloride 

Six rabbits wbicb received 2-4 successive daily doses subcutaneously 
showed hepatic damage involving of the liver parenchjuna. 
Necrosis of hepatic ceUa arovmd the central veins was prominent ; 
in some areas they had disappeared, leaving behind only the mesen- 
chymal stroma. The more peripheral cells were hydropic or fatty. 
Regenerative activities were not evident. Moderate infiltration by 
neutrophils, histiocytes and lymphocjdes was seen in the portal 
tracts and necrotic areas in some cases. 

Thirteen rabbits received bi-weekly subcutaneous injections of 
carbon tetrachloride over 3-38 weeks. The resulting liver destruction 
was conservatively estimated as up to 50 per cent, of the liver substance. 
The earlier stages included centrolobular necrosis and degeneration, 
often with mitosis and other signs of regeneration in the hepatic cells. 
With continued action of the poison, fibrosis became apparent. 
Eventually the surviving animals developed a pale, tough and often 
nodular liver, with fibrous bands separating the parenchyma into 
islands of liver cells of various sizes. Some of these were regenerative, 
with loss of the normal architectural pattern. Fatty and hydropic 
degeneration and necrosis were also, seen in some nodules. Frequently 
bile-duct hyperplasia and cellular infiltration of the fibrous tissue 
were pronounced. The whole picture now was strongly reminiscent 
of human portal cirrhosis. 

Changes in other organs were frequent and striking. The kidneys 
often showed marked tubidar degeneration and even necrosis. A 
peculiar multilocular cystic change in the wall of a segment of the 
large intestine was observed in 3 rabbits. The cysts were empty 
and smears from them were negative. Hemorrhages were seen in 
the retroperitoneal tissue of 3 rabbits, hsemorrhage and necrosis in the 
adrenal glands of one rabbit and petechial hasmorrhages in the peri- 
cardium of one rabbit. Other lesions included stenosis of the ileum 
with thickening of the wall and submucous necrosis (one case), mvo- 
cardial degeneration and fibrosis (one case), and multiple acute ulcers 
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in the gastric mucosa (one case). Altogether, IG out of 19 animals 
presented pathological changes apart from the liver. 

Biochemical changes. Despite much destruction of liver cells 
following injections of carbon tetrachloride {conservativel}" estimated 
as up to 75 per cent, of the organ), the plasma-protein concentration 
remained uithin the range of normal variation (fig. 1). Liver function 
tests also showed no deviation from the normal. 


time in weeks 



the serum-protein concentration and body weight in a representative rabbit. 

Skin application of coal tar for 1-16 lueeks 

Most of the animals lost weight noticeably and some were verj’- 
emaciated towards the end. Structural changes in the liver 
corresponded closely tvith those described by Davidson (1926). Acute 
effects included necrosis of liver cells, sometimes involving extensive 
areas, with adjacent hydropic and fatty degeneration and haemorrhages. 
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Necrotic tissue vras often infiltrated by polymorphs, lymphocytes 
and histiocytes. Animals which survived the treatment developed 
chronic changes. The liver then appeared pale and firm and sometimes 
showed a granular surface. hEcroscopically there w'as hyperplasia 
of fibrous tissue in aU stages to well-formed broad bands dividing the 
parenchyma into groups of liver cells. Nodules of regenerated tissue, 
bile-duct proliferation, necrosis and degeneration were also present. 
The liver damage assessment varied "from very slight to 80 per cent. 


TIME IN WEEKS 



• — Ta R 
o - CONTROL 

Flo. Effect of repeated skin application of coal tar on the Eerum-protein con- 
centration and body \veight. Mean of gix esiperimental and four control rabbits. 

Two rabbits showed fatty degeneration of the renal tubules and one 
a large retro-peritoneal hsemorrhage ; the other animals showed no 
abnormal extra-hepatic disturbance. 

No definite relation could be established between the extent of 
liver damage and the serum-protein concentration in tarred rabbits 
(fig. 2). Liver function tests were negative, although the hepatic 
damage affected up to 80 per cent, of the liver parenchyma. 
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Adminislralion of butter-yellow 

The structural changes in the liver in m}' animals agreed closely 
with those noted by Orr (1940) and Opie (1944) and included necrosis, 
degeneration and regeneration of liver cells, proliferation of bile ducts 
and cellular infiltration. In later periods the liver showed fibrosis, 
regeneration nodules, patches of necrosis and degeneration of liver 
cells and hyperplasia of bile ducts. Sometimes the bile ducts were 


T 1 ME IN MONTHS 



• — eUTTER-VELLOW . 

• — C ONTR OL 

Fig. 3. — Effect of repeated oral administration of butter-yellow on tlio serum-protein 
concentration and body weight. Mean of six experimental and six control rats. 


enormously dilated. Tumours were frequent and included liver-cell 
carcinoma, bile-duct carcinoma and bile-duct cystadenoma, often 
in combination. The extent of liver damage varied a great deal the 
most severe type affecting eleven-twelfths of the liver substance. 

Tig. 3 gives the mean plasma-protein concentration and body 
weight of six rats compared with their controls during a period of 
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six months. There -were no variations vhich could be considered 
significant. An occasional inversion of the albumin-globu^ ratio 
■was noted. Since this was sometimes present before the admimstration 
of butter-yeUow and in the controls it could not be attributed to the 
liver damage caused by the butter-yello'w. It should be noted, as 
mentioned before, that the diet was low in protein and of poor nutritive 
value, yet the plasma-protein concentration level was maintained in 
both experimental and control groups. 

Liver function tests also gave disappointing results. Three 
experimental animals showed positive colloidal gold reactions even 
before the administration of butter-yellow, so that the value of the 
test was questionable. The thymol turbidity test was consistently 
negative. 

Ligation of common bile duct 

In rats, the common bile duct became dilated, often attaining 
an enormous size. The essential changes in the liver were focal necrosis 
irregularly distributed and in various stages of development, hyper- 
plasia of bile ducts, beginning in the portal tracts and later reaching 
an extraordinary degree in many cases, -with disorganisation of the 
lobular structrae, cellular infiltration of varying extent, and degenera- 
tion and regeneration of the liver cells. Formation of fibrous tissue 
was usually inconspicuous but occasionally marked. The bile ducts 
were often dilated when duct proliferation was extensive, and the 
liver cells were then atrophic and large numbers disappeared. The 
liver damage was assessed as ranging from slight to 88 per cent, of 
the parenchyma. Some rats survived for 90 days but most died from 
rupture of the common bile duct 5-60 days after operation. The 
serum-protein concentration showed no significant differences before 
and after these intervals. 

Of the rabbits, one showed a significant fall in serum-protein 
concentration on the 24th day, but the animal was moribund when 
the blood sample was collected and had been off its food for several 
days. The liver damage amounted to 50 per cent., whereas rats 
•with up to 88 per cent, and a rabbit "with 84 per cent, damage showed 
no such change. 

In rabbits, the liver function tests were aU negative. Rats gave 
a negative reaction to the thymol turbidity test. Three reacted 
positively to the serum colloidal gold test before and after duct 
ligation. One rat gave a positive colloidal gold reaction before ligation, 
which disappeared after the operation. Some controls also gave a 
positive reaction to the colloidal gold test. 

Ech fistula 

Histological examination of the liver revealed little alteration 
after the formation of an Eck fistula. Some diminution of blood-flow 
through the liver could be established by intra'vital injection of ink. 
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No significant alteration in scrum-protein concentration was detected 
(fig. 4). A slight fall in albumin concentration could be ascribed 
more probably to cxtrahcpatic factors than to liver disturbance. 
Liver fimction tests were found to be unreliable. 



WEEKS 


• ECK FISTULA 

• CONTROL 

Fig. 4. — ^Effect of Eck fistula on tho serum-protein concentration in rats. 

Hepatectomy 

Animals on glucose made a rapid recovery from the anaistlietic. 
They remained noticeably quiet, refusing food and even water and 
appeared very apprehensive. Muscular weakness gradually became 
evident and the animals were prostrated towards the end. Respiration 
was rapid and shallow and in later stages often laboured and noisy. 
Two had convulsions before death but the others died quietly with 
respiratory failure. The survival period ranged fr^om 11 to 254 hours. 
The two rabbits not given glucose remained quiet but appeared 
anxious. Muscular wealtness gradually supervened. Convulsions 
occurred suddenly and without warning. They died 34 and 4 hours 
respectively after the operation. 
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At autopsy the remaining caudate lobe "was occasionally congested 
but usually pale, and very soft and finable. The presence of blood 
clot was frequent at the operation site but no severe signs of portal 
stasis were found. 

Mcroscopic examination of the remaining caudate lobe showed 
severe necrosis and degeneration of the liver cells , frequently only 
those bordering the portal tracts appeared to be still alive. The extent 
of hepatic insufficiency was estimated to be 95-100 per cent. 

HOURS after operation 



Fio. 5. ^Effect of sub-total hepatectomy and sham operation followed by continuous 
intravenous glucose administration on the serum'-protein concentration in rabbits. 
X = after post-mortem glucose infusion. 


In the absence of glucose treatment the serum proteins and 
hsemoglobin percentage had not altered when the animals died of 
hiToglycsemic convulsions in 3i-4 hours. If hepatectomy was followed 
by continuous administration of glucose solution both serum-protein 
concentration and haemoglobin percentage dropped. This fall was 
most marked with the serum albumin. However, similar changes 
were observed in the controls (fig. 5). Assuming that haemoglobin 
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percentage is an index of the extent of htemodilution by glucose 
administration, plotting the corresponding scrmn-protcin concentra- 
tion against it showed a close relationship between hrenioglobin 
percentage and the servun-albumin concentration after both 
hepatectomy and a sham operation. The serum -glob\din concentration 
showed a greater degree of scatter* Berryman, Bollman and ^lann 
(1943) noted an increase in pseudoglobulin in hepatectomised dogs 
after glucose administration and this may have been the case in 
my experiments. Hence one feels justified in interpreting this change 
as associated with the glucose administration, and perhaps with 
circulatory readjustment and other complications caused thereby 
as well as the effects of anajsthesia and operative interference, rather 
than due to removal of the liver. 


Eegeneralion of plasma proteins after bleeding, combined with (i) intra- 
peritoneal injection of carbon ink, {ii) subcutaneous injection of 
carbon tetrachloride, {Hi) Eel: fistula 

(i) Bled rats given an intraperitoncal injection of 1 c.c. of carbon 
ink showed a striking fall in both plasma-protein concentration and 
total circulating proteins (fig. 6). The albumin fraction "was mainly 
involved. These results agree with those obtained by Cutting and 
Cutter. No definite indications of the mechanism of the delay in the 
regeneration of plasma proteins after bleeding in rats injected intra- 
peritoneally with carbon ink could be obtaiiied from the pathological 
examination. Usually some ink still remained in the peritoneal cavity, 
especially in relation to the omentum. The diapliragmatic tyinphatics 
were often distended with ink particles. The most constant histological 
feature was the pronounced phagocytic activity of the cells of the 
reticulo-endothelial system for ink particles. This was especiall}’’ the 
case in the lymph glands, although even here the effect was somewhat 
inconstant. Phagocytosis of the ink particles by’^ the Kupffer cells 
and by the macrophages of the spleen was striking in two cases. 
Diaphragmatic and mesenteric lymph vessels contained inli particles 
in one case. Obviously more work needs to be done on this interesting 
problem before a satisfactory answer can be found. 

(ii) Sections of the liver from the five rats given subcutaneous 
injection of 0-2 c.c. per 100 g. body weight of carbon tetrachloride 
showed typical centrolobular necrosis fringed with Irydropic and fatty' 
degeneration, about fths. of the tissue being abnormal. In each 
instance the plasma-protein concentration had returned to the initial 
level 12 hours after bleeding and the total circulating protein in 
general agreed with that in the controls (fig. 6). 

(iii) In Eek fistula rats the plasma-protein concentration regained 
its initial value in 12 hours and the total circulating protein also 
varied httle from that of the controls (fig. 6). 
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(ivi Controls. TiVelve hours after bleeding, all controls had 
praUcallj^ regained or even exceeded their mitial plasma-protein 
concentration and total circulating protein (fig. 6). 


hours 



Fig. 6. — Effect of mtrapentoneal injection of carbon ink, subcutaneous injection of 
carbon tetrachloride and Eck fistula on the total circulating plasma protein 
12 hours after severe bleeding m rats. 


Administration of dinitro-o-cresol 

The most striking feature in this experiment, which extended 
over 76 days, was the tremendous loss of weight. Autopsy revealed 
a wasted body and atrophic viscera. No histological abnormalities 
were found in the organs. 

The total serum-protein concentration of one rat was reduced to 
as little as 3-75 g. per 100 ml. when examined on the 61st day. 
Two others showed a less severe fah. These results cannot be accepted 
without reserve, for the animals were moribund when the blood 
samples were collected, and the two controls, which were found 
moribund, also showed a reduction in serum-protein level. Hence 
the fall was most likel}’ to be due to the deficient food intake and the 
moribund state of the animals and not to the metabolic disturbance 
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caused by the dinitro-o-cresol. Other animals in tlioso groups showed 
no significant changes in protein concentration (fig. 7). 
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Fig. 7. — Effect of repeated oral administration of dinitro-o-cresol on the serum-protoin 
concentration and body -u-eight in rats, s = in moribund state. 


Liver function, tests again gave conflicting results. A false positive 
colloidal gold reaction was discovered in one control and in 9 experi- 
mental animals. In 7 of the latter it was present before the 
administration of the dinitro-o-oresol and in several the test even 
became negative after the drug was administered. The thymol 
turbidity test was always negative. 
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Discussion 

The efficiency of the organism in restoring its circulating plasma 
protein after serious depletion is shoum by the convincing observations 
of Moraxsitz (1906), Wiipple and his collaborators (Smith et ah, 1920) 
and Cutting and Cutter (1935), and by the present experiments. Thus 
Iklora'ftdtz found that following plasmapheresis, the normal fasting 
dog replaces a great deal of the lost plasma protein within a few 
days, and Smith et al. demonstrated some replacement within a few 
minutes. Restoration goes on at a great pace in the normal rat, for 
in as short a time as 12 hours after removal of 40 per cent, of the 
blood, the total plasma protein returns to the original amount (Cutting 
and Cutter ; my own experiments). 

On the other hand, if liver function is disturbed either by decreasing 
its portal blood supply as with an Eck fistula, by impairing its cell 
function by poisoning, or by removal of the organ, then, it is claimed, 
restoration of plasma protein is less successful. We owe to Whipple 
and his co-workers an elaborate study of this question, employing 
the Eck fistula technique (Kerr et ah, 1918-19 ; Knutti et al., 1937 ; 
Whipple et ah, 1945). 

An Eck fistula dog suffers from a reduction in its combined blood- 
flow through the liver which probably amounts only to 25-35 per cent, 
of the normal. Such an animal is said to develop up to 20 per cent, 
of liver atrophy (Whipple and Hooper, 1916-17), with but little fatty 
degeneration of the hepatic cells and some increase of connective tissue 
aroxmd the bile ducts and portal veins. The latter cannot be of much 
significance, for Whipple et al. (1945) admit that it was very slight 
in a small group of dogs which survived the procedure for 8 years. 
These dogs vary from time to time in their capacity to form plasma 
proteins from standard basal diets, sometimes presenting unusual 
disturbance of protein metabolism, sometimes behaving in normal 
fashion. Ko explanation is offered for these spontaneous variations. 
The number of dogs employed in Whipple’s experiments was small 
and often there was no great divergency between the experimental 
and control animals. Whether the variable results can be attributed 
merely to there being only moderate reduction in the number of 
functioning elements is difficult to say, but it seems unlikely. Results 
obtained by Eiessinger and Gothie (1933) are not in agreement with 
those recorded in the short-term experiments of Whipple, for the 
Trench workers found no change in plasma-protein values 2, 6 and 
8 hours after production of an Eck fistula in dogs. The fall in albumin 
3 and 5 da^'s afteru'ards they considered to be the result of nutritional 
upset, as the animal was wasted. 

A recent study of plasma-protein regeneration in hepatectomised 
animals b}^ Mann and his associates (Berryman el al.) deserves special 
attention because of the care taken to eliminate disturbing technical 
elements. W’ith hepatectomj’’ there is not inconsiderable loss of blood 
from operative trauma. This may amoxmt to 5-10 per cent, of the 
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total plasma, albumin loss being 5-10 per cent., fibrinogen 30-100 per 
cent, and euglobulin 3-100 per cent., but the pseudoglobulin value is 
usually increased, in some instances rising by as much as 06 per cent, 
of the original value. All of these variations occur -witlun the first 
few hours of operation. Subsequent anal 3 '^sis of the blood during 
the 30 hours of sur\’ival in the most favourable experiments shows 
only minor variations in protein content of the plasma and no major 
alterations in protein distribution. Tlie blood volume was estimated 
at intervals, but no great change was detected. Berr^-man et al. 
conclude that during the period of adjustment immediatcl}' following 
removal of the liver, there maj' bo an addition of pseudoglobulin to 
the circulating plasma but this is small in amount, rarclj’ exceeding 
O'o g. per kg. bodj' weight. There is a somewhat irregular destruction 
or loss of fibrinogen and euglobulin but no appreciable change in the 
plasma albumin. 

Withdrawal of J-i of the total blood volume followed by restoration 
of an equivalent amount of dog red corpuscles in normal saline 
10-20 minutes after hepatectomj’^ was practised in some animals. 
Haemo -concentration frequentl 3 >- developed with tins procedure and 
had to be allowed for in the subsequent computations of protein values. 
Some evidence was obtained that an increase of protein occurs during 
plasmapheresis, amounting to 0-6 to 0-1 g. per 100 c.c. Globulin 
appeared to be added, but the albumin content remained very close 
to that expected from withdrawal of that amount of blood and dilution 
of the remaining blood with saline red corpuscle suspension. During 
subsequent periods up to 9 hours, onlj' mmor changes were discovered 
in the blood, consisting of shght loss of protein, probably from a small 
loss of whole blood and subsequent dilution. In no case was anj' 
appreciable destruction of albumin or its replacement apparent. No 
loss of globuhn occurred, although in a few experiments a very slight 
increase of globulin set in several hours after plasmapheresis. 

It seems clear from the careful work of Berrjunan et al. that caution 
must be maintained in the interpretation of compheated and severe 
operations on the liver and blood, for ansesthesia, surgical trauma, 
loss of blood from haemorrhage and the administration of dextrose 
exert effects on the circulating blood ; moreover, redistribution of 
the corpuscles and plasma cannot be excluded. These facts make the 
interpretation of sudden changes in plasma-protein content hazardous, 
especially at the time of plasmapheresis. An immediate influx of 
protein into the plasma during plasmapheresis may be due in part 
to imposed alterations in the circulatory system as well as to with- 
drawal of protein, since similar changes are found during operation 
for complete removal of the liver. Here too the coui-se is not clear, 
for many of the changes in the plasma proteins coincident with total 
hepatectomy are obviously due to causes other than absence of hepatic 
tissue, since there is no consistent loss or gain of protein with the 
progress of time following the operation. It would appear from a 
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scrutiny of the results of Berryman et al. that protein loss under 
these conditions is too small to he measured with existing methods 
throughout the animals’ 30-hour period of survival. The conclusion 
thus forced upon us is that plasmapheresis after complete hepatectomy 
does not induce any regeneration of plasma protein vdthin periods 
which are adequate for the demonstration of some such regeneration 
in normal control animals. 

The chief support for the theory that the liver is mainly concerned 
in plasma-protein production comes from the plasmapheresis method 
of Whipple, Madden and their collaborators (Madden et al., 1937 ; 
Madden and Whipple, 1940 ; Whipple, 1942 ; Whipple and Madden, 
1944). By repeated plasmapheresis and maintenance of a basal diet 
it is possible to keep healthy dogs at a constant low plasma-protein 
level, the amount of blood which must be removed during arbitrary 
time intervals serving as an indication of the regenerative capacity 
of the animal. On the whole, a healthy liver favours efficient regenera- 
tion of plasma proteins, but one cannot escape from the feeling that 
the process is a highly complicated one, that many factors are concerned 
and that little direct support comes from this type of investigation 
for a primary hepatic factor. 

BinaUy, some evidence exists that damaging the liver by certain 
poisons, e.g. chloroform, CCI 4 and phosphorus, impairs the power 
of the animal to replace its plasma proteins when these are depleted 
by plasmapheresis (Kerr et al . ; Smith et al.). It should not be 
forgotten, however, that poisons are by no means specific in their 
action on this organ and many tissues may be affected, whereby 
disturbance of general metabolism can be brought about. I shall 
refer to this criticism later. 

Another type of evidence offered in support of the hepatic origin 
of plasma proteins originates from procedures whereby the liver 
function is impaired by poisons, by interference with bile excretion, 
by reduction of the portal blood supply by Eck fistula, and by partial 
or complete hepatectomy. It is claimed that side by side with such 
disturbances there occurs a diminution in plasma-protein concentration 
which reflects the impairment of the liver cefis. Lack of space forbids 
a review of this evidence, which is often inconclusive and frequently 
equivocal. 

It is advisable at this stage to recall the criticism of Luck (1939), 
who wrote : — “ Indeed few problems in physiology can be in a more 
confused state than those concerning the origin of the plasma proteins. 
The field is rich in experiment but, as yet, the role of any single organ 
has not become clear. A priori, we might well regard the liver as an 
important site of formation, but experiments designed to test this 
hypothesis have led to conflicting results.” 

1. It rdght be expected that complete removal of the liver from 
the experimental animal would lead to serious disturbance of the 
plasma-protein content of the circulating blood, if that organ alone 
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were the site of formation of the plasma protein. It is only fair to 
point out that such an argument assumes continual wearing out and 
replacement of the protein supply, the life period being .short, so 
that a significant change in protein concentration would bo apparent 
after complete hopatectomy. As yet we knoAV little about such a 
life period, though modern investigations with isotopes (Schoenheinier, 
1946) suggest a djmamic state until active wastage and renewal of 
proteins and Schoenheinier ct al. (1942) hint at a half-life period for 
serum proteins of 14 days. Hepatectomy studies disclose a variable 
and often imconvincing decrease in plasma protein, with the exception 
of fibrinogen ; indeed, the fall in total protein appears to he insignificant 
compared unth that of prothrombin (Warren and Rhoads, 1939). 

Even the modern and sensitive methods of protein investigation 
(e.gr. electrophoresis) have given no proof of marked alteration in 
protein patterns (Munro and Averj% 1946). Carefully controlled 
experiments which take into consideration the trauma associated 
with hepatectom}', partial or complete, suggest that blood loss, fasting 
and impairment of general metabolism maj* be at least as important 
as hepatic failure (Fiessingcr and Gothic, 1933 ; Weech el ah, 1933 ; 
Chanutin et ah, 1938 ; Chow el al., 1945). My own results with rabbits 
are in agreement udth these conclusions. 

2. Little support comes fi-om Eck fistula experiments and it is 
astonisliing how much has been assumed from so few data. My 
experiments with rats have con\-inced me that the Eck fistula technique 
is unsuitable for the solution of the problem, for little hepatic 
disturbance follows this procedure, either after a short or a long interval, 
and I have found no significant alteration in the plasma proteins over 
fairly long periods in such animals. 

3. Preventing bile outflow from the liver has not thrown much 
light on the plasma-protein problem. I doubt whether we should 
expect it to do so, for I agree with Whipple’s criticism that under 
the influence of obstructive jaundice there is marked disinclination 
on the part of the animal to eat. This has certainly been the case 
with my rats during the first week or so after ligation of the common 
bile duct. Impaired digestion because of lack of bile in the intestmes 
may also play a part. It is all the more surprising that despite the 
gross structural liver damage invariably found in rats and rabbits 
with prolonged common bile duct obstruction, I have been unable 
to demonstrate any constant and pronounced alteration in the plasma- 
protein concentration. I am compelled to accept an extra-hepatic 
origin of the proteins as the result of these experiments. 

4. I doubt whether results obtained from the use of so-called 
hepatic poisons are of much use in bolstering up the theory. I do 
not know of any such poison which is strictly specific in its action, 
yet the method is still employed extensively in the study of liver 
function. , The effects of poisons are so complicated that conclusions 
cannot be drawn about the functions of any one organ, least of all 
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the liver, even though that organ he seriously damaged. In this 
criticism I am in close agreement with Williamson and Maim (1923), 
whose investigations of phosphorus and chloroform poisoning convinced 
them that often ph 3 ’^siological impairment of the liver was not the 
only factor or even the primary factor in causing death. The process 
is complex and not onlj’’ involves such organs as the Mdneys, adrenals, 
heart and central nervous system, but also includes the effect on the 
general activity of the organism of damage to or destruction of a 
large amount of body tissue. 

5. It is known that even an apparently innocuous procedure such 
as plasmapheresis may disturb the function of various organs, e.g. the 
kidneys, and upset the electrolyte balance (Barker and Kirk, 1930 ; 
Darrow et al., 1932). To attribute plasma-protein variation under 
such circumstances to the liver may be going too far. 

6. Most if not all experimental procedures used for placing a 
strain upon hepatic function are accompanied by metabolic disturbance 
consequent upon temporary or prolonged fasting. Many organs 
show a relative loss of proteins during fasting and the blood is no 
exception (Addis et al., 1936 ; Imek, 1936). Recent work has shown 
bow easily the function of the kidneys, and indeed of the liver, may 
be put out of gear by circulatory mishaps such as “ shock ” (Dole et al., 
1945-46 ; Phillips el ah, 1943-46 ; Long, 1947). Blood loss, infection 
and nervous factors such as fear add their quota of compbcations. 

7. iModem investigations have brought to light other factors which 
are concerned in the maintenance of the remarkable plasma-protein 
equilibrium (Barnett et al., 1932). Thus there is some reason for 
associating this with an adrenal factor, for after adrenalectomy there 
may be an increase in the globulin fraction and a diminution of the 
albumin fraction of the plasma (Hartman et al., 1942). Treatment 
with adrenal cortical preparations increases plasma-albumin level. 
Long and his co-workers (Long, 1947) have clearly demonstrated the 
importance of an adrenotropic hormone synthesised by the cells of 
the anterior lobe of the pituitary in the catabolism of tissue proteins 
and the plasma proteios also appear to be imder the care of the 
pituitary. A decrease in plasma albumin and an increase in plasma 
globulin was recorded in hypophysectomised dogs and rats by Goldberg 
(1938), Levin and Leathern (1942) and Levin (1942-43). A similar 
disturbance after thyroidectomy can be prevented by giving thyroxine 
or cortico-adrenal extract. Such relationships are most likely of 
the nature of controlling mechanisms and may well influence the 
main sources of production of the plasma proteins, but I would submit 
that the evidence for their existence is much the same as that which 
associates the formation of plasma proteins with the liver and it may 
turn out that we are dealing with a whole series of interlocked 
mechanisms which initiate and control the production of plasma 
proteins, maintaining these in a state of labile dynamic equilibrium 
with the body proteins. 
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Where are the plasma proteins formed ? 

We are still faced with the mystery of the site of origin of these 
proteins. Are they formed in one organ or in many tissues ? Is a 
cellular mechanism necessarily concerned in tlieir formation, or maj' 
wo hazard the guess that a self-perpetuating device, like that met 
with in virus proteins, is at work ? Can there bo a non-cellular 
s3Tithesis within the fluids of the bodj- spaces, dependent upon special 
enzyme systems ? These questions cannot be solved with our present 
restricted knowledge, though there are some facts which point the 
way for future investigations. 

Because of the speed with which plasma proteins can be replaced 
after depiction (appreciable amounts ma}* enter the blood within a 
few minutes), I would post-date a site of storage and production which 
can rapidly emptj' its reserves of protein into the blood stream either 
direetty or bj' way of specially cfiicient h'mphatic channels. The 
high protein content of liver lymph would seem to indicate that 
much protein is contributed by the hepatic cells to the fluid lea\'ing 
the liver. But a similar state of affairs c.vists within the intestinal 
w'all, the lymph from which is extremely rich in protein, and other 
proposals have not been wanting from time to time. 

(i) The bone marrow may be concerned, cither alone or in associa- 
tion with the liver (jMiiller, 1905 ; Kaznelson and Lorant, 1921 ; 
ICisch, 1923 ; Levi-Crailsheim, 1923 ; Rcymann, 1924 ; Westergren 
et ah, 1931-32 ; Beimann et ah, 1934). Most of the evidence for tliis 
view applies to fibrinogen. The argument is also based on the well- 
known increase of protein, especially globulin, in cases of myeloma 
(Magnus-Levy, 1931-32 ; Beimann, 1932). However, Wliipple and 
Hurwitz (1911) state that the bone marrow is not responsible for 
fibrinogen production. 

(ii) Disintegration of leucocytes liberates plasma proteins. The 
early work of Schmidt (1892), Pfeiffer (1897) and Mathews (1899-1900) 
made out a case for fibrinogen production in this way, whilst jMoU 
(1903) and Morawitz (1925) agreed that leucocytic destruction con- 
tributed to globulin formation. Donmej’- and Weidenreich (1912) 
stressed a pinching off of particles containing protein from the proto- 
plasm of plasma cells and lymphocjdes, Liebreich (1923) derived 
proteins from the granules of eosinophils, whUe Hurwitz and Meyer 
(1916) thought that absorption of products of disintegrated leucocj^s 
might contribute to the globulin suppty. Most supporters of this 
hypothesis have emphasised the role of the lymphocytes, a view 
which has recently reappeared in the w'ork of White and Dougherty 
(1946), who suggest that y globulin, and possibly |3 globulin, are formed 
by these cells. The daily wastage of vast numbers of lymphocytes 
has long been a puzzle. Their association with globulin production 
would resolve this mystery, but we must wait until quantitative 
data are ^^MJablft before accepting this explanation. 
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(iii) Th.ere scGiiis to bo little doubt that lymphoid tissue plays an 
important part in the production of the globulins concerned in antibody 
activity (INIclMaster and Hudack, 1935 ; McMaster and Kidd, 1937 : 
Sabin, 1939 ; Burnet, 1941 ; Ehrich, 1946), but whether reticulo- 
endothelial cells or l 3 Tnphocjtes are chiefly responsible has not yet 
been decided. Caspersson (1940, cited by Monne, 1948) presented 
some facts which suggest that both normal blood proteins and 
antibodies are synthesised by the chromidia of the cells of the reticulo- 
endothelial system and appear first in the interchromidia. 

(iv) Disintegration of red corpuscles (Levi-Crailsheim, 1923 ; 
Reymann, 1924) and platelets (Frey, 1933-34) as a source of plasma 
proteins, especially globulins, has little supporting evidence. 

(v) Plasma cells have been suggested as a source of globulins, 
especially those occurring in pathological conditions and associated 
with antibodies against various antigens (Ranstrom, 1946). As early 
as 1913, Htibschmann suggested that plasma cells can produce 
antibodies, while Bing and Plum (1937) emphasised the regular 
occurrence of plasma cells in the blood in association with hyper- 
globulinEemia, and Bjomeboe and Gormsen (1943) described a close 
relationship between hyperglobulinsemia and the accumulation of 
plasma cells in various organs, especially the spleen, in rabbits 
immunised with polyvalent pneumococcal vaccine. Magnus-Levy 
(1938) and other investigators supposed that plasma cells in plasma-cell 
myeloma are responsible for the hyperglobulingemia so often foimd 
in that condition. No direct proof exists for this method of production, 
although plasma cells are generally held to be modified lymphocytes 
and we have seen that some evidence has been obtained that lympho- 
cytes are the source of y globulins. 

(vi) At one time, an origin from the intestinal tract was favoured 
(IMuUer, 1905, for discussion) and amongst its supporters was Claude 
Bernard. Dent and Schilling (1948) foimd no appreciable changes 
in amino-acid levels in the portal blood after feeding dogs with 
homologous plasma protein. This suggests that it was either absorbed 
intact or re-synthesised in the intestinal wall. 

(vii) Cells in general may be capable of synthesising plasma 
proteins. Amongst these should be considered those of muscle and 
connective tissue, both of which produce special types of protein in 
the form of myosin, collagen and certain mucoproteins. Connective 
tissue cells, and probably though less certainly muscle cells, require 
plasma proteins for repair ; explanted cormective tissue cells are 
capable of synthesising and breaking down blood proteins (Landsteiner 
and Parker, 1940 ; Fischer, 1947) by means of enzymes. I would 
suggest that further investigation of muscle and connective tissue 
is required before excluding these huge reservoirs of protein, water 
and salts as likely sources of plasma protein. 

All such considerations show that the problem of the origin of 
plasma proteins is in a highly unsatisfactory state. The matter 
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demands a fresh attack, freed from prejudices and using strictly 
quantitative methods, such as those already employed vith success 
for tissue proteins in general by Addis et al. (1030) and Luck (1030, 
1030), Perhaps the new fields which are being opened up by modern 
physical investigations will bring the solution. 


Conclusion’s 

The above survey suggests that the present state of our knowledge 
of the origin of plasma proteins is highlj’^ unsatisfactory. The custom 
of assigning the role of protein production raainh’ to the liver has 
apparently sprung from the frequent association of liver diseases 
with alteration of the plasma-protein level. But the experimental 
evidence brought forward in support of a hepatic origin is inconclusive 
and open to serious criticism. The author has failed repeatedly in 
attempts to induce disturbance of plasma-protein behaviour by 
subjecting the liver experimentally to severe damage. The facts 
elicited therefore lead to the conclusion that, in the past, too much 
emphasis has been placed on the part plaj’cd by the liver in the 
elaboration of plasma proteins. The mechanism of synthesis is lilcely 
to be far more complicated and extra-hepatic factors probably 
intervene. The numerous and diverse sites of origin proposed suggest 
that different plasma proteins may be manufactured in nidely separated 
organs and cells with different mechanisms of sjmthesis. E\ndently 
much more data on this subject are needed in respect of both normal 
and pathological plasma proteins. 

I wish to express my tlianks to Professor G. R. Cameron, F.R.S., for suggesting 
this study, for assistance in preparing the manuscript and, above all, for iiis 
constant inspiring supervision. I am also grateful to Mr F. J. Crew for help 
with the operations. The major part of tho investigation was carried out during 
the tenure of a British Council Scholarship. A grant for expenses was made 
from the Graham Fund. 
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]\IALIGNA3SIT H^iIANGIO-ENDOTHBLIOI\IA 
(HiElMAKGIOBLASTOaiA) OF THE LWER 

R. HASTINGS-jAilES 
Frojn St Helier Hospital, Surrey 

' (Plates Xin and XIV) 

The foUowing case is presented, as an undoubted example of a rare 
condition which shows several interesting features, both clinical and 
pathological. 

Case repoht 

Clinical history 

A man aged 34, a park attendant, was admitted to St Helier Hospital tmder 
the care of Dr W. I. Card, complaining of abdominal pain of one month’s 
duration. He had suffered from epilepsy since the age of twelve and had been 
tmder the care of the National Hospital, Queen Sq., London, since 1935. In 
1944 he was admitted to St Helier Hospital with concussion sustained by falling 
while m a “ fit.” He was bleedmg from nose and ears, ha\'ing probably fractured 
the base of his skull. He had had no major fit during the prerdous twelve 
months. One sister suffered from fits. 

The present illness started with knife-like pain in the upper abdomen and 
swellmg of the abdomen generally. There was no pre\’ious history of indigestion. 
He also complained of increasing pallor and weakness of two or three weeks’ 
duration, though he had kept at work until a week before admission. He had 
observed no loss of weight. Diarrhoea had troubled him for a week before 
admission. 

On examination he was obviously ill, with paUor, a hectic flush and a 
generally cachectic appearance. His cheeks were scarred. There was slight 
icterus of the conjunctivae. He suffered from slight dyspnoea even while lying 
at rest. 

The mouth, throat and gums were normal. One hard cervical lymph-node 
was palpable. His temperature was 101° F., pulse 110, respirations 20. The 
heart had a very forcible beat, the apex being in the fifth intercostal space in 
the nipple Ime. The first sound was accentuated and a thrill was palpable in 
the fourth left interspace. Blood pressure was 145/60. Both lung bases were 
dull to percussion, with crepitations on auscultation. 

The abdomen was distended with a massive ascites. On auscultation a 
remarkable bruit was audible in three areas, one ov'er the right lobe of the 
liver, one over the left lobe and one in the left lower quadrant of the abdomen 
in close proximity to a risibly dilated vessel r unnin g subcutaneously. The 
bruit, which was accurately localised to these areas, consisted of a loud rushing, 
roaring noise, like the sound of the sea on the beach. It was continuous but 
became accentuated on inspiration. No sign of a collateral circulation other 
than the vessel mentioned was noted. 
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The central nerv'ous system 8lio%ved no abnormality and the discs were 
normal. 

Blood examination showed hmmoglobin 24 per cent, and n normal white-cell 
count. This annemia was treated with repeated blood transFu-sions. X-ray 
examination of the chest showed some left-ventricular enlargement only. Tlio 
Waasermann reaction was negative. Bleeding and clotting times wore normal. 
The plasma proteins were 5-5 g. per 100 c.c. Boutino urine tests showed no 
abnormality. 

Paracentesis abdominis revealed heavily blood-stained ascitic fluid. It 
contained munerous mature red colls ; one small clump of endothelial cells was 
seen after prolonged search ; no evidence of inflammatory exudation was 
found. Some four pints were drained on each of two occasions. This enabled 
an enlarged liver to bo palpated, together with a mass in the right upper quadrant 
of the abdomen, apparcntlj' in the liver. A diagnosis of some highly malignant 
vascular tumoim causing ascites, probably a malignant hremangioma, was made. 

The patient improved on numerous blood transfusions and paracenteses, 
stating that ho felt well, though his tompcraturo rose daily to 99°-101° F. No 
change occurred in the bruit. The ascitic fluid varied from a heavily blood- 
stained to a clear yellow appearance. 

Laparotomy was performed by jMr York Jlason in the faint hope of finding 
some remediable condition, but the liver was found to bo extensively replaced 
by masses of growth, bulging the surface of the organ with blue-black cysts 
and blood-fillod cavernous tissue. The abdomen was therefore closed. Despite 
transfusion, the patient failed to rally after operation and died two days later, 
with terminal jaundice. Death thus occurred in less than two months from 
the first appearance of sjTnptoms. 


Post-morlein examination 

Externally the body was emaciated and slightly jaundiced. The 
heart was normal, though the aorta was hypoplastic. The lungs were 
normal, with no sign of secondary deposits. 

Several pints of ascitic fluid were present in the peritoneal cavity. 
The liver was enlarged domi to the umbilicus, being in great part 
replaced by masses of Imobbly and cavernous growth ; it weighed 
10^ lb. On section, but little normal liver tissue could be seen (fig. !)• 
The portal venous system showed several features of interest. The 
portal vein itself was dilated, and opposite the entry of the splenic 
vein the wall was thickened, probably by organisation of a former 
thrombus. One oesophageal varix was found. The left branch of the 
portal vein pursued an anomalous course, winding around and under 
the main trunk, bile duct and hepatic artery to end in a large sinus 
situated in and largely replacing the left lobe of the liver. A large 
umbilical vein running in the ligamentum teres opened into tliis sinus. 

The spleen was moderately enlarged, weighing 1 lb. It was 
engorged, but presented no other abnormality. Several coeliac glands 
were enlarged and congested and were thought to be the site of 
secondary deposits. The intestines, pancreas and kidneys showed no 
abnormality. The brain showed a small area of discolouration about 
1 sq. cm. on the under surface of the left temporal lobe but was 
otherwise normal. 
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Histological ezamination 

In the liver but few areas of normal hepatic tissue could be found. 
The appearance varied greatly in different parts. Some areas, for 
example, showed blood-filled cavernous sinuses lined by many layers 
of highly mahgnant-looking, anaplastic endothelial cells which were 
spreading out into and destroying the surrounding liver tissue. 
Examination with the high power confirmed this pleomorphic and 
malignant appearance (fig. 2) and showed the presence of abundant 
mitotic figures. In close relation to the malignant endothelium and 
spreading into the surrounding liver tissue were numerous blood 
islands, apparently in a state of active hsematopoiesis (fig. 3). In 
other areas a syncytium was seen spreading into and replacing the 
surroimding liver tissue, with spaces containing nucleated hsemo- 
globinised cells of primitive appearance, the whole reminiscent of 
the earliest stages of embryonic vascular development. Staining 
with silver brought out the tubular structure underlying the loose 
meshwork of these sections, the appearance being similar to that 
depicted by Stout (1943, fig. 2). 

In the spleen, general engorgement and vascular proliferation 
were seen, with some fibrosis, but no sign of malignancy or active 
hsematopoiesis. The cceliac lymph nodes showed general enlargement 
and congestion, with a great excess of blood vessels. None of the 
primitive endothelial cells were found in the lymph-nodes and it 
seemed unlikely that metastasis had occurred. The discoloured area 
in the brain showed signs of an old bruise with pigmentation and gliosis. 
There was no evidence of hsemangioma. 


Discussion 


The occurrence of malignant tumours of blood vessels is generally 
accepted, though the number of reported examples is not large. 
Stout (1943), in an extensive review, rejects many of the cases in the 
literature. Willis (1934, p. 151) states that most vascular tumours 
cannot be differentiated from “ hamartomas ” or vascular mal- 
formations ; the apparent “ tumour ” being due often to non-neoplastic 
enlargement of pre-existing vascular tissue. Metastasis also may be 
only apparent, being really due to multicentric origin, as described 
by Jaffe (1929) and as in the cases described by Taylor and Moore 
(1933) and De Navasquez (1936). Again, great care must be taken 
not to confuse with malignant tumours of vascular origin secondary 
eposits of a highly vascular or hsemorrhagic nature, such as some 
cases of sarcoma, or adenocarcinoma with blood in the glandular 
chorionepithelioma. It may be noted that 
\ uus (1948, p. 713) regards true maUgnant tumours of vascular tissue 
as extreme rarities. 


T '■“"'‘•'ill appeals to be a highly malignant hasmangio- 

endotheboma (ha,mangioblasloma) ot the fcet. GesoMckter fnd 



52 


n. HASTJNGS-JAMES 


Kensbcy (1935) dc'scribe a similar hepatic type with ascites and no 
metastases, though in tlioir case the liver was smooth. The case 
described by Gray (1929) was associated with cirrhosis. 

Clinicallj'' the rapid enlargement of the liver with blood-stained 
ascites and the rapid domihill course with cachexia indicated probable 
malignancj'. The remarkable bruit heard over the liver led to the 
assumption that this was vascular in origin, while the character of 
the hum with its respiratory accentual ion pointed to its close connection 
■nith the venous s 3 'stcm. A clinical diagnosis of hajmnngioblastoma 
was thus made and was confirmed at laparotemj'. 

The detection of such a bruit does not seem to liavc been described 
hitherto in this connection and is a sign worth seeking where tumours 
of this 13^36 ma 3 ’ be in qtiestion. The case described b 3 * Smith and 
Horton (1939) had the well-known bruit of an arterio-venous nneur 3 'sm, 
and was in fact an example of that condition : it should not have 
been designated hromangioma. 

Both the macroscopic and the microscopic appearances indicate 
the malignant nature of the present tumour, though opinions differed 
as to whether there were secondar 3 ' deposits in the cceliac glands. 
The liighl 3 '^ pleomorphic character of the malignant endothelium is 
worth noting, since it might possibl 3 ’^ be regarded as an expression of 
the multipotency of these primitive cells. Willis (1948, p. 713) speaks 
of these tumours as mcsonch 3 ’momns of mainl3' vasoformative 
character, thus stressing their possible multipotcncy. Of particular 
interest in the present case is the occurrence of mature and immature 
red cells, both as islands in the midst of the neoplastic tissue and 
lining the vascular channels of the tumour and the adjacent liver, 
such foci of lucmatopoiesis being widespread in some parts of the 
growth. Their close relation to the tumour, the fact that no 
primitive cells were seen in blood films during life, and the absence 
of such foci from lymph nodes and spleen led to the conclusion that 
this was an example of an additional mode of development open to 
these primitive endothelial cells. Though Shaw (1928) spoke of the 
possibility of such a line of differentiation I have been unable to 
trace any description in the literature of a case in which this had in 
fact occurred. 

The brain was examined with particular care but no sign of a 
vascular tumour was found. The old scar was thought to be a 
residuum from the injury for which he was admitted in 1944. 

There was no history of the use of thorotrast in previous investiga- 
tions of his central nervous S 3 'stem. Burrows (1937-38) described 
nsevus-like lesions in the liver and spleen of rabbits after the injection 
of this substance and MacMahon et al. (1947) have reported what 
may have been a clinical example. 

The congenital anomalies found in the portal system are note- 
worthy and lend support to the idea that these tumours are themselves 
of congenital origin, being inborn defects of the vasoformative tissues. 



.1. I’.vni liACT.— Viil.. I.M 


I'LATi; XIV 


H.i;^)AN(iiiiiii.\st<'Ma or i,ivi;i: 


^ \ ^ /V y-v ' 


- !::> ■- ' 




A ; '/:::> r ^•^■- •'/, : 

?■»■-’• . ' * ■' • 1 


1 '■ ^ ' h -'vj, 

! / ' r\ 


/.4 '. : ' 

'. -t 

. » "T 

f •' . ; > 


,<• fj. ':. 

,f ■ .*■ ■ ■ 

^0 - I 


- •, ■ • v r. .'.' 


I''jfj. 2. — Higli-powor view of nn nniipliistic area of the hepatie tumour, showing eelluJar 
and nuflear hctcromorjdiism. H;emalum and eosin. /420. 


r>> 3"'''- ^<^o ’^h*v*7y 3' 'oi 

.'. *• yrt9 . 

.r ' c '‘'v5. 


./"•v ' 

y • *' *; ' : »f 

, •• 9 ‘w^ a 


» ; < — V- , 

-; . 0:4%.' <• 


'••V • '-'-v - ..■^■ 






m <•' k* 

s:t 


'if. '■>. 


p-.v ,w r GT'^ i 


Kic. a.— hiv 


Liter shotting foei of active ha-matopoiesis. H.-emaliim and eo->in. X420. 




E^MAlsGIOBLASTOMA OF LIVER 


63 


If so, the malignanc}’^ was presumably a secondary occurrence on the 
basis of the underlying developmental error. 

StriEMABY 

1. A rapidly fatal case of malignant hsemangio-endothelioma 
(hemangioblastoma) of the liver occurring in a young man is reported. 

2. A remarkable bruit was heard over the liver which, taken -with 
the other signs, enabled a correct pre-operative diagnosis to be made. 

3. The multipotency of the primitive endothelial cells composing 
the tumour is pointed out, there being clear evidence of hsematopoiesis. 
This does not appear to have been noted before. 

4. The theory that these haemangiomata are primarily develop- 
mental malformations or hamartomas is supported in this instance 
by the finding of obvious developmental anomalies in the vascular 
arrangements of the liver. 

I should like to thank Dr R. A. Willis for his help and encouragement in the 
mvestigation of this case and Dr W. G. ilillar for fig. 1. 


REFERENCES 


Bubeows, H 

Geschickieb, C. F., akd Keasbey, 
LomsA E. 

Gray, J 

jArre, R. H 

JIacJIahok, H. E., Mitephy, A. S., 
AKn Bates, Mabgabet I. 

De Navasqxtez, S 

Shaw, J. J. M 

Sjuth, H. L., asd Hoktok, B. T. 

Stout, A. P 

Tayeoe, a. C., aki> Mooee, 
Eiazabeth 

WiLus, R. A 


1937-38. Brit. J. Surg., sxv, 204. 

1935. Amex. J. Gamer, xsiii, 568. 

1929. This Journal, sssii, 337. 

1929. Arch. Path., vii, 44. 

1947, Amer. J. Path., xaii, 585. 

1936. This Journal, slii, 651. 

1928. Lancet, i, 69. 

1939. Amer. Heart J., sviii, 589. 

1943. Ann. Surg., cxviii, 445. 

1933. Amer. J. Cancer, six, 31. 

1934. The spread of tumours in the human 

body, London, p. 151. 

1948. Pathology of tumours, London, 

p. 713. 


D 2 


3 , TilH. BACT. — TOL. M3 




6i6 . 23 — 018 . 7 : 616 . 921 . 5 

STUDIES ON THE PATHOGENESIS OF A CASE OF 
INFLUENZA-A PNETOIONIA OF THREE DAYS’ 
DURATION 

J. MtHiOek and G. J- Veedonk * 

From the Clinic for Internal Medicine and the Institute of Pathology, 
the University Hospital, Leyden, Holland 

(Plates XV-XVJJLI) 

In a former publication, Straub and Mulder (1948) described epithelial 
lesions in the respiratory tract in human influenza resembling the 
pictures experimentally produced in the air passages of mice and 
ferrets. In none of the cases described, hovrever, was it possible to 
study early epithelial damage, as the lesions found were already 
characterised by complete loss of ciliated and goblet cells. 

In February 1947 we were in a position to analyse a case of influenzal 
pneumonia wldch terminated lethaUy in three days owing to secondary 
bacterial tracheo-bronchitis and bronchopneumonia caused by hasmo- 
lytic Staphylococcus aureus. In this case it was possible to gain an 
insight into the histology of the early and probably influenzal epithelial 
lesions of the respiratory tract in the human disease. 


Case report 


Clinical history 

K., a male aged 27, became acutely ill on the evening of 1st February 1947, 
with rigor, sore throat sind severe headache. On 2nd February the temperature 
■was 102° F. and the patient began to cough and expectorate hsemorrhagic sputum. 
On 3rd February he became imconscious and nest day -was admitted to the 
Medical Clinic of the University Hospital. On examination he was foimd -to be 
in a highly toxic state, with severe cyanosis of the face and extremities. 
Temperature 104°, pulse 120, blood pressure 100-70, regjirations 50. Meningeal 
symptoms. 27o tonsillitis. Pneumonic consolidation, of all three lobes of the 
right lung and focal consolidation of the left lower lobe. 

Laboratory examinations. Oxygen saturation of arterial blood 80 vol. per cent. 
Ueucooytes 1500/c.mm., eosinophils 0 ; very severe degeneration of neutrophils. 
Urine contained a trace of albumin and many casts. Spinal fluid under increased 
pressure, cells 85/c.mm., sterile. Patieut was no longer able to expectorate. 
Blood culture yielded three colonies of hsemolytic Staphylococcus aureus per ml. 
Limg prmoture of the right lower lobe yielded pus ■with staphylococci, and on 


co-operation of P. Lopea Cardozo, P. H. II. SduUings, J. Wmsser, 
Miss S. W. Ensenrik, L. it. Brans, F, Heenaakerk and P. ■Webbers. 
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culture a pure growth of Iiasmolytic Staphylococcus attrcxts was obtained. Therapy 
consisted of penicillin 800,000 units per 24 hours, shock treatment and oxj’gen 
administration. TJie patient died on 4th robrunr3’’ at 10 p.m. 

This rapid death from staphylococcal pneumonia of a yoimg adult made 
us thinlc of influenza (taking into account tho fact tliat there was a slight degree 
of influenza in Holland in .Tanuary and February 1947), and an autopsy was 
performed by Dr P. H. il. Schillings two hours after death. 

Post-mortem exaviination 

Trachea and lungs tvere removed in toto and, as indicated by Straub 
and Mulder (1948), fixed intact in formalin, portions being taken for 
microscopic examination after a week. Before fixation, small portions 
were carefuUt' taken of the trachea and all lobes of both lungs for 
bacteriological and virological examination. 

The most important lesions were found in the respirator}’’ tract. 
The trachea and right bronchus were of a deep red colour and covered 
■with adherent greenish- 3 'ellow flakes of fibrin. The right lung was 
voluminous and of firm consistence. Tlie pleura was covered with 
fibrin. The cut surface of the lung was deep red, vith numerous 
small abscesses scattered over it. The left lung was but little changed : 
only in the basal parts were there some bluisli-red spots of consolidation. 

The other organs did not show any special lesions. The liver 
appeared oedematous and showed peri-capillary oedema microscopically. 
The spleen was not enlarged and the pulp was not softened. 

Bacteriological examination 

From the mucosa of the trachea a pure culture of hremol^'tic 
Staphylococcus aureus was obtained. Gram-stained films of pus fi'om 
the abscesses in the right lung showed only staphylococci and again 
a pure culture of the same organism was obtained. Hremolysis by 
all the isolated strains was weak. They were coagulase-positive and 
sensitive to 0'04 units of penicillin per ml. 


Virological examination * 

The material for investigation was stored for 16 hours at — 130°C. The 
mucosa of the trachea was ground in a mixture of equal parts of saline broth, 
with 100 units of penicillin per ml., and inoculated intranasally into a ferret. 
The remainder was stored at — ISO^C. Owing to circiunstances amniotic 
inoculation into the chick embryo could not be performed until seven months 
afterwards. Ground-up tissue from the lobes of both Itmgs was mixed together 
and, after the addition of penicillin, inoculated intranasally in a ferret. Rigid 
isolation of the animals was possible. 

The ferret inoculated with emulsion of the trachea showed fever after three days, 
with severe rhinitis, and a strain of influenza virus was isolated in passage ferrets 
and seven months later from the turbinate of tliis first ferret (stored at —130°) 
in the amnion of the chick embryo. A second ferret, inoculated with emulsion 

♦ Details of this examination have already been published (Antonie van Leeuwenhoek, 
1948, xiv, 184). 
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of tlie trachea, also became ill, anti after t\vo vrecks the biootl scrvim contained 
immune bodies against the isolated strain from the first animal. Seven months 
later tve failed to isolate the strain of the original material in the amnion of 
the chick embryo. Tire isolated strain rcas an A-strain and, e\en after six 
passages through ferrets, it tvas much more difficult to adapt to mice than 
the Dutch A-strains from the 1939 and 1941 epidemics piulder (1940), van 
Bruggen and co-vrorkers (1947)). As our stock of laboratory strains which 
were used in February and March 1947 (PRj, Lee, ^^S, Gatenby, A (1941 N)), 
showed a high mouse virulence, a laboratory contamination of the material 
appeared very improbable. JIorco%'er in the cross hacmagglutination-inhibition 
tests with the above strains in January 1948 it appeared that there existed 
but slight serological relationship with them and with the A-strains Talme 3 ', 
Christie and swine-influenza (Shope), (kindly sent to us by Dr C. H. Andrewes). 
Classification as an A-strain therefore could only be established with certainty 
by means of cross complement fixation tests with ferret sera and by the Hirst 
teclmique with a human serum-pair of another case of influenza A.* 

The symptoms of the ferret inoculated with lung emulsion were not tj*pical 
for influenza. After five daj-s there occurred a fever peak (104° F.) without 
rhimtis, Ro passages were performed. The post-infectious serum of this ferret 
contained unmune bodies against the isolated strain (Horst technique and 
mouse-protection test). After six months the same lung material (ha\Tng been 
stored at —130°) was again inoculated in ferrets and passed, but then we could 
not isolate a virus strain in ferrets, or, from there, in the chick embryo. ^Tor 
did the sera of passage ferrets show any immune titre against the strain. Direct 
inoculation of the ground lung suspension in the chick embryo also remained 
negative after seven months’ cold-storage. We have therefore reason for 
ass umin g that, in contradistinction to what is generally known of A-strains, 
the “ lung-virus ” has died out in the original material after six months at 
—130°. Possibly this is also true for the virus in the mucosa of the trachea. 
It is known that some B-straios in original garglings may also die off com- 
paratively rapidly after being thawed from low temperatures (Hirst, 1947). 
Francis et al. (1947) also failed to isolate A-strains in the chick embryo in March 
1947, though they easily succeeded in the ferret. 

With the Hirst technique the titre of the patients’ serum against PRa 
(influenza A) was 24, against Lee (influenza B) 96, and against the isolated 
Strain <12. 


Pathological histology of the respiratory tract 


Technique. Formalin fixation ; celloidin embedding ; hEematoxylin 
and eosin and muci-carmine staining. 

Tonsils. These did not show any lesions. 

Larynx. The epithelium of the larynx was examined in an area 
immediately below the glottis, where there is a covering of stratified 
squamous epithelium. The posterior wall shows defects in the 
epithelium, with severe fibrino-purulent inflammation. Bordering on 
the epithelial lemons, the stratified epithelium shows a few rows of 
cells displaying parakeratosis, with numerous mitoses in the basal-ceU 
layers. 


Trachea. All sections show a more or less extensive fibrino- 
pmrulent mflammation of the mucosa, which coutinues exclusively 

serologically related to 1947 strains from Sweden 
AmeriM (Rhodes). AH the sera used were freed from 
non-specific inhibitor by a filtrate of Vibrio cholera:. 
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into the right main bronclius and its branches. The left bronchial 
tree is entirely free from inflammatory changes and the epithehum is 
everyn'here normal. At the bifurcation of the trachea the normal 
tracheal epithelium of the left half passes into severely damaged 
epithelium of the right. In the region of the bifurcation, a portion 
of the trachea was examined in serial section. Fig. 1 shows one of 



Fio. 1. — Cross section of bifurention of trnclioa seen from bolo«' (X2). Double con- 
tour s= zone of normal epithelium on leftside (see fig. 2). Dotted lino = transitional 
zone between normal and pathologicol opitholium in anterior wall (soo fig. 3). 
Single lino = zone of pathological opitholium (sco figs. -Jl-lO), interrupted by 
mushroom-shaped fibrino-purulcnt clots (soo fig. 11). H = zone of h.'cmorrhagic 
mucosa. E = zone of purulent infiltration of mucosa. 

these sections diagrammaticaUy, together with the character of lesions 
found in it. Fig. 2 shows a photomicrograph of the normal epithelium 
of the left half of the bifurcation of the trachea. 

Pathological changes in the epithelium in the right half of the bifurca- 
tion of the trachea. Very interesting pictures were seen in the epithelial 
zone at the junction of the left and right halves on the anterior wall 
of the bifurcation. The normal epithelium loses its orderly palisade- 
like structure, the nuclei are more rounded and their long axes are 
often not perpendicular to the surface. Nuclei may even be seen 
in the horizontal position. Here and there the cilia are indistinct 
and sometimes they disappear entirely. Tlie goblet cells become 
indistinct or they may swell considerably. There is intercellular 
oedema. Sometimes cells are pressed out of position by swelling 
resulting from what is probably local necrobiosis (fig. 3). Ulitoses 
are few in this zone. Infiltration with lymphocytes is no greater 
than in the normal epithelium of the left half. 

Beyond this transitional zone the epithelium shows more advanced 
pathological changes which are polymorphous in character, hardly 
any two areas being quite alike. In a few places only does the 
epithelium display the same picture as that described above, but 
disintegration of the individual cells is greater (fig. 4). There are also, 
however, places where we see a different type of lesion — where the 
epithelium is only about half the normal height. In these areas the 
still recognisable, -cilia on the surface show that this epithelium is 
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Fig. 2. — Xonnal ciliated 
rc^pirntorj- opitlicliiim 
from loft side of bifurca- 
tion of trachea with =orno 
lymphocytes between 
the epithelial cells. 
Regular micleararrange- 
ment, the basal and 
other nuclei having their 
long axes perpendicular 
to the basement mem- 
brane. In the mucosa 
no In-pera'mia and little 
mononuclear infiltrate. 
X300. 


Fig 3. — Slight degenera- 
tion of tracheal epi- 
thelium at bifurcation. 
On the left a swollen 
goblet cell : m the centre 
•• degeneration ” wnth 
displacement of sur- 
rounding cells. Begin- 
ning intercellular oedema; 
cilia and basement 
membrane unimpaired : 
hj-pera-mia of mucosa. 
Xo purulent exudate. 
X 300. 




Fig. 4. — Greater loss of structure of 
tracheal epithelium at bifiircation. 
Irregular position and degeneration 
of nuclei : swellmg of protoplasm : 
distmctmtercellular oedema. Swell- 
mg of basement membrane with 
oedema under basal layer of epi- 
thelial cells. Hyperairma and 
haimorrhage in mucosa, x 300. 
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I'lC.. .■>. — Partial dc^qiia- 
mation of nerrobiotic 
epithelium at bifurca- 
tion oftnicliea. Hn'mor- 
rli ice between basement 
membrane and epithe- 
lium : In'penemia and 
mononuclear infiltration 
of miico-a. y 300. 


Fig 6. — Considerable necrobioais of 
respiratorj' epithelium at bifurcation 
of trachea, onh the basal-cell lajer 
remaining, the nuclei of which are 
round or o\al and hate their long 
a\e» parallel with the surface of the 
epithelium Alitosis in tertical direc- 
tion Haimorrhage under the epi- 
thelium. y 300. 
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Fig. 7. — Xecrobiosis 
and desquamation of 
epithelial cells at bi- 
furcation of trachea. 
Mitosis m basal-ceU 
la\ er. Xuelei w-ith 
long axes parallel 
with surface To 
right, acute inflam- 
mation in mucosa 
X 300. 
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indeed lower, and tbat it is not descjuaniated. Goblet cells can hardly 
be recognised. The nuclei of the cells often have an oblique or some- 
times a horizontal position. This epithelium may gradually merge 
into normal epithelium, as may be seen, for example, in the ducts 
of the tracheal glands. Elsewhere all the cells become rounded, with 
intercellular vacuoles but without desquamation. Here we may 
find a few mitoses in the basal-cell layer. More serious structural 
loss is caused by desquamation of epithelial cells, so that only two 
rows of cells remain, rarely only one row, with round or horizontally 
situated oval nuclei (fig. 5). Here especially, numerous mitoses may 
be seen, mostly in the basal layer but also in the second layer of cells 
(figs. 6 and 7). CeU division mostly takes place in a horizontal but 
sometimes in a vertical direction. Transitional phases with one layer 
of cells surmounted by a layer which is partly necrotic and without 
cell structure and partly desquamating are numerous. It is rare to 
find only one row of basal cells remaining, and then only over short 
distances. Total disappearance of the basal-ceU layer in the absence 
of fibrino-purulent inflammation was found on one occasion only 
and may have been an artefact (fig. 8). On top of the basal layer 
of cells we sometimes see a second layer of flat cells with pyknotic 
nuclei (fig. 9). It is in the neighbourhood of fibrino-purulent inflamma- 
tion with defects in the epithelium that these single and double layers 
are most often seen. In these places mitoses are less frequent. 
Nowhere do we find pictures suggesting regeneration to three or more 
layers of cells. 

An acute fibrino-purulent (bacterial) inflammation has com- 
pletely destroyed the epithelium for short distances, so that small 
defects have arisen. Fibrinous clots of different dimensions and 
often mushroom-shaped, with intermingled red cells, white cells and 
masses of staphylococci, protrude through these epithelial defects 
into the lumen of the trachea (fig. 11). Where there is acute mucosal 
inflammation without defects, the epithelium may show infiltration 
with leucocytes, but only for short distances. In general, it is in 
these areas that desquamation of the pathological epithelium is most 
considerable. 

Basement membrane and mucosa. Slight or more extensive hsemor- 
rhages frequently occur between the basement membrane and the 
epithelium (figs. 5 and 6), sometimes lifting the epithelium like httle 
hiUs. It is over these haemorrhages that desquamation is most 
pronmmced. Elsewhere one may observe oedema between the basal 
epithelial layer and the basement membrane (fig. 7). TVhere there is 
no acute bacterial inflammation, the mucosa shows considerable 
hyperajmia and dense infiltration with mononuclear cells. 

Glands. Epithelial lesions may be found far up the ducts of glands 
(fi?- 19)) but mostly for a short distance only near the orifice, or they 
may be completely lacking. The glandular parenchyma itself does 
not show any lesion. 
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Bronchi. Tho main bronclius of ilic right lung and its branches 
sliow an almost difTuso fibrino-purulcnt inflammation of the mucosa. 
Only small intervening portions of epithelium are available for study. 
Here also wo find both degeneration and regeneration (mitosis), as 
in tho case of the tracheal epithelium. A small area in one of the 
segmental bronchi of the right lower lobe, however, shows, on the 
inner surface, perfectly normal bronchial epithelium, interrupted 
onty in a few places by fibrino-purulcnt c.xudatc in which staphylococci 
occur. Sometimes one sees perfectly normal ciliated epithelium at 
the margins of a defect. Elsewhere the epithelium bordering on a 
defect shows loss of normal structure, but for verj' short distances 
only (fig. 12). Even infiltration with partly p 3 ’knotic leucocjdcs does 
not cause the epithelium to change greatlj*, and onh' for very short 
distances. Occasional!}' epithelial lesions occur at the site of these 
defects, as in the right half of the tracliea. Lower domi we again 
find fibrino-purulcnt bronchitis, e.vtending down to the bronchioles. 

Small bronchioles. The small bronchioles of the right lung show 
low' cylindrical epithelium with oval upright nuclei ; nowhere are 
lesions seen Uke those described above in the trachea and larger 
bronchi. The epithelium remains normal even where it borders on 
ulcers caused by the acute purulent inflammation. 

Lungs. The right lung .shows the well-known picture of confluent 
haemorrhagic and purulent focal pneumonia, with numerous abscesses 
in w'hich lie large accumulations of staphylococci. Tho small foci in 
the left low'er lobe show a similar picture. As tho left bronchus and 
its branches do not display inflammatory changes, these foci may 
possibly have originated by aspiration from tlic fibrino-purulcnt 
lar}'ngo-tracheitis. A hjematogenous origin is also possible. 

Interpretation of the pathogenesis of the epithelial lesions and 
the bacterial bronchopneumonia 

The pathological changes in the epithelium described above raise 
again the question whether they must be looked upon as an influenza 
virus lesion of the cells or due to the action of staphylococcus toxin. 
Extensive experimental investigations on staphylococcal infection of 
the bronchi and lungs of animals is still laclcing and indications from 
human pathology cannot be had, because in the older literature the 
presence or absence of influenza virus was not adequately studied in 
cases of staphylococcal bronchopneumonia. 

The fact that in our case extensive staphylococcus infection was 
often found in the area showing considerable epithelial changes (fig. 1) 
is not in itself a counter-argument to the assumption that these changes 
are caused by the influenza virus. We may argue that precisely in 
the areas of the primary epithelial viral lesion will the staphylococcal 
infection be most likely to gain entry into the tissues of the mucosa. 
For the assumption of an epithelial viral lesion it is also important 
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Fio. n.— Mucosa from bifurcation of trachea. Epithcbal defect, noth protniding 
musliroom-shaped fibrmo-purulent clot. The surrounding epithelium shows 
pathological changes, x 300. 
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that in one area of distribution of the right segmental bronchi of the 
lower lobe staph 5 dococcal inflammation is found without the epithelium 
showing the characteristic degenerative lesions found in the trachea 
and right main bronchus. 

We believe also that the fact of the basal layer of cells of the respira- 
tory epithelium stiU remaining pleads against a purely staphylococcal 
toxic lesion, in which case it would be difficult to understand that it 
would spare a certain tj'pe of cell, whereas this fact could be plausibly 
explained on a virus hj^othesis. The freedom of the epithelium of 
the small bronchioles from the type of change mentioned above 
supports the idea that in this case the lung foci may have been caused 
chiefly bj’' aspiration of cocci from the higher tracheal and bronchial 
foci of inflammation. As virus has been demonstrated in the ground-up 
pieces of lung tissue, it is possible that it has acted also as pacemaker 
for the lung process. With regard to the demonstration of influenza 
virus in the lung, however, we must also take simple aspiration 
{ante mortem ?) from the air passages mto consideration. At any rate 
the analysis of this case gives support to the idea that a patient may 
die from slight and in itself innocuous influenza virus tracheo-bronchitis, 
if, owing to accidental secondary infection with a pathogenic staphy- 
lococcus, bacterial foci are formed in the air-passages, and, by aspiration, 
cause extensive pneumonic inflammation. 


StraniAKY 

A case is described of influenza-A of three days’ duration (February 
1947), terminating in tracheo-bronchitis and bronchopneumonia due 
to the Staphylococcus aureus, where, in the trachea and bronchi of 
the right^ lung, besides acute fibrino-purulent inflammation, very 
peculiar degenerative and regenerative epithelial changes were found, 
with severe hypersemia and mononuclear infil tration of the mucosa. 
It is probable that these epithelial lesions were due to the influenza 
Yirus and not to staphylococcal toxin. The probable pathogenesis of 
the process is discussed. 

Professor G. O. E. Lignac and Dr M. Straub gave us the benefit of their 
advice. Financial support vas provided by the State Department of Science 
and Education, the Institute of Preventive Medicine, Leiden, the Curasao Fund 
for Preventive :Mcdicme, the Jan Dekker Fund and the Philips-van Houten 
Department for Medical Research. 
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In the present investigation, late-lactose-fermenting coliform 
bacilli were collected with the hope of finding a common antigen 
among the group of paracolon bacilli by which these organisms might 
be readily identified in clinical pathological practice, 

I^Iaturiai, and srurnoDS 
Source, of strains 

1. One source of paracolon bncUIi was fho fecal flora of patients in an 
epidemic of infantile diarrhaja which failed to yield any well-established bacterial 
pathogen. Cliildren mainly under two 3 ’enra of ago were nficctcd and 12 of the 
15 cases were fatal. Tiiirtj'-threo strains of lato-lnctoso fermenters and non- 
lactose fermenters wore isolated ; S paracolon strains vrero isolated from 47 
specimens of stools obtained from .19 patients, and 25 were collected from 95 
specimens of feces from the nursing staff. 

2. A collection of 03 late-lactoso fermenters from routine cultures consisted 
of 35 fecal and 28 urinarj- strains. Tlio urinnrj- strains were originallj' isolated 
in pure cultirro on routine lIcConkej- plates, 

3. Five type species were obtained from the National Collection of Tj'po 
Cultures •. N.C.T.C. 1748, 4647, 5253, 708, 4702. 

For the purposes of this survey, paracolon bacilli are defined ns Gram- 
negative, non-sporing, aerobic bacilli of the coliform typo which fail to ferment 
lactose, or ferment it only feeblj- after IS hours at 37° C. Gelatin is not liquified 
even after 3 weeks at 37° C. Motility, reaction to litmus and acotjdmethyl- 
carbinol and mdolo production are variable. 

Fermentation of the following carbohydrates was tested : lactose, sucrose, 
salicin, dulcitol, glucose, mannitol, maltose, arabinoso, rliamnoso and xylose. 
Four sugars — lactose, sucrose, salicin and dulcitol — were selected for the purpose 
of classification, and table I gives the distribution of 99 paracolon strains according 

Tadi;e I 

Distribution of 99 paracolon strains according to their 
fermentation of four sugars 

Sucrose 

Dulcitol Dulcitol 

-f — + — 


Salicin Salicin Salicin Solicin 
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Lactose 

Lactose 
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Lactose 

Lactose 
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4* 
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Lactoso 

Lactose 

"i- — 

-h — 

-f- 
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-f- — 



+~ - 
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■h 

14 6 

17 0 

1 

0 

1 0 

26 

10 

4 4 

9 2 

5 ^ 

(6)* 

a b 

(8) 

c d 

(1) 

e 

/ 

9 h 

(4) 

t 

(5) 

i 

(1) 

h 1 

(1) 

m n 

(1) 

0 P 

7973t 

8144 

7924 

8179 




nil 

1136 

4308 

1748 


7893 



• The figures in brackets denote the number of urinary strains in each group. The letters a-P indicate 
the biochemical group. 

t Nine key strains from which sera were prepared. 


to their fermentation of these four sugars among 16 groups, a-p. Sera were 
prepared against 9 key strains from the larger groups : group a (strains 7973 
and 8144), group c (strains 7924 and 8179), group i (strains 1111, 1136 and 4308), 
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group j (strain 1748) and group m (strain 7893). All these rrere recently isolated 
fajcal strains except 4308, which was isolated from a patient with acute cystitis, 
and strain 1748, which was received by the N.C.T.C. in 1924 from Castellani 
as Badcrium colurribensc. * 


Sera and suspensions 

This classification, though logical, is artificial, because in some groups there 
are either no strains or only a few. Accordingly key strains were chosen for 
serum production only from groups containing a substantial number of strains. 

By preparing a number of sera from strains in different biochemical groups, 
I hoped to determine an association between antigenic and biochemical type. 
AH sera were made against suspensions killed by exposure to eO® C. for 1 hour. 
Babbits received intravenous injections twice a week. The first dose was 10^ 
organisms and subsequent doses were increased at each injection until a dose 
of 10® was reached. 

O suspensions were made by washing the 18-hour agar growth from Roux 
bottles and steaming the organisms at 100° C. for two hours by the method of 
Kauflnnann (1935-36). The centrifuged deposit was diluted in 0-25 per cent, 
formol-saline to make a suspension of opacity equivalent to 60 x 10® Bact. coli 
per ml. H suspensions were prepared by growing the strains in 20 ml. nutrient 
broth at 37° C. for 18 horns and a further 24 hours at room temperature. The 
organisms were killed by adding formol to make a final concentration of 0-25 per 
cent. The suspensions were kept at 0° C. for 48 hours, centrifuged and re- 
suspended in 5 ml. of 0-25 per cent, formol-saline. From these stock suspensions, 
dilutions were prepared as required. 

Each key strain was tested against the nine test sera. If antigens were 
shared by organisms of the same or different groups, the relationship between 
the pair of strains was measured by mirror-absorption tests. The minimal 
absorbing dose (M.A.D.) of each suspension for each of the two sera was deter- 
mmed, and after absorption of an arbitrarily selected dilution of serum with 
2 M.A.D. for 2 hours at 37° C. and 20 hours at 0° C. the absorbed serum was 
tested against agglutinable suspensions containing 10’ organisms per ml. 


The serological relationships of hey strains 

Only one pair, 7973 and 4308, was found to have a common O 
antigen. Whereas both absorbed aU the agglutinins from serum 7973, 
absorption of 4308 by 7973 suspension reduced the titre only 8-fold, 
suggesting that though 7973 and 4308 shared a major antigen, there 
was a minor antigen peculiar to 4308. None of the remaining 7 strains 
shared somatic antigens. The main O antigens of the 9 strains were 
designated by the Roman numerals I-IX (table II). On this basis 
strain 7973 has IX and 4308 has IX and V. 

Each of the following pairs of strains shared an H antigen, but 
the first in each pair had an antigen, either H or O, not possessed 
by the second: 1748 and 4308; 1111 and 1136; 8144 and 1748; 
1748 and 8144 •, 8144 and 4308; 4308 and 8144. There was no 
detectable relationship between any other of the remaining combina- 
tions of pairs. The flagellar antigens were designated by the Arabic 
numerals 1-7. In table II it has been deduced that 8144 = 1 5 - 
1748 = 2,5; 4308 = 5; 1136=4; 1111=4,6. 
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Serological relationships of 00 strains tested by the 0 key sera 

Flagellated and non-flagcllated suspensions n'ere prepared from 
each of the 90 paracolon strains. Tlicir agglutinahility and sero- 
logical relationships to the ke}’’ strains are 5110 %™ in tabic 11. If a strain 

TAimn n 


Distribulion of 0 and 11 antigens in 9 keg strains and the 
agglulinabilily of 90 paracolons bg the keg antisera 
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i (52* 

i ' 

2 per cent.; 


vtas found to contain two or more somatic antigens it was grouped 
■with the test serum with which it gave the highest titre. Similar 
tests were made of strains haAdng no somatic antigen corresponding 
to the antibodies in the 9 test sera, but having one of the flagellar 
antigens. 

Table III records the 75 (83*3 per cent.) agglutinable strains, 
showing the multiphcitj' of antigens in body and flagella as compared 
■with the key strain. Only 3 strains appeared to bo similar to the ke}' 
organisms. Two strains, 2109a and 5168 resembled 7893, and H 
and 0 suspensions of 1014 were agglutinated to titre by the appropriate 
1111 sera. Immune serum was prepared against 1014 and reciprocal 
absorption tests ■with this strain and 1111 proved that these organisms 
were antigenically identical. Immune sera were not prepared 
against the other strains. 

Fifteen strains (16-7 per cent.) were not agglutinable ; fifty-nine 
(65-5 per cent.) could be grouped bj"- their somatic antigen, 74-5 per 
cent, being agglutinated to a titre not less tlian one-eighth of the 
standard agglutination. Eleven strains (18'6 per cent.) shared a 
somatic component with more than one type strain. There was 
much overlapping in agglutination with flagellar antisera, and 
76 -6 per cent, showed cross agglutination between the groups. 
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lYom table III it -will be seen that 15 per cent, of the strains fell 
into the group -with the 0 antigen VI. In this group neither urinary 


Table lH 

Multiplicitij of antigens on body and flagella of 15 {83-3 per cent. ^ 
of strains) agglufinable paracolons when compared with their type strain 
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75 

15 

90 

48 

11 

59 

11 

36 

47 


Percentage . 

83-3 

16-7 

100 

81-4 

18-6 

100 

23-4 

76-6 

1 

100 


— iSo agglutination. -l Agglutinated by one test senam only. 

+ +• Agglutinated by more than one test serum. 


nor fascal strains predominated, nor were the members of this group 
isolated in any one epidemic. The other groups contained from 
2-2 to 10 per cent, of the strains. 

Biochemical and serological association 

In table IV the distribution of tbe somatic antigens 1-IX is 
compared -with the biochemical classification into groups a-p (table I). 

Table IV 


Non-association of serological and biochemical grouping of 
59 paracolon strains 
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There is no constant association bettreen the biochemical and serological 
groups ; thus, only 27 (45-8 per cent.) of the strains belonging to the 
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biochemical group of the tjT)e strain shared the somatic antigen of 
that strain (showi in black typo in table W) . 

Flagellar antigen 

ISvo recently isolated urinarj' strains and the Bad. columbense 
(N.C.T.O.) were tested in Tulloch (1939) tubes for diphasic variation. 
Forty discrete colonies from each strain were agglutinated to titre, 
wliich proved that these cells were monophasic. 

Imnmnological response in man 

The immunological response in man was tested in seven cases of 
cystitis. The freshly isolated strain was tested against the patient’s 
serum. In two cases the titre was 1 in 400, in two it was 1 in 40, and 
in tliree it was less than 1 in 20. Eight frecal strains tested against 
the sera of the patients from whom thej’^ were isolated and against 20 
sera sent for Wassermann reaction were not agglutinated to significant 
titres. It appears that man fads to develop antibodies to the paracolon 
bacilli wliich he harbours in the intestine. The sera of normal rabbits, 
on the other hand (Emslie-Smith, 1948 ; Schwabachcr, 1949), contain 
paracolon agglutinins, but it is not known whether the antibodies 
result from the presence of the paracolon organisms in the gut. 

A number of interesting anomalies ma}’- now be briefly noted. 

Evidence for a heat-labile antigen in paracolon bacilli 

The results of the mirror-absorption test mth suspensions of 
1136 and 8179 steamed at lOO^C. are shown in table V. The un- 
expected feature of this test is the inagglutinability of steamed 1130 

TabijE V 

Mirror-absorption test of a pair of paracolon strains. (Absorbing and 
test susperisiojis steamed for 2 hours at 100° C.) 


Scrum 

(diluted 1 in 4 for 
absorption) 

Absorbing 

suspension 

Scrum titre against 
test suspensions 

1130 

8170 

1136 

Nil 

1280 

<10 


1136 

<10 

<10 


8179 

640 

<10 

8179 

Nil 

<10 

640 


1136 

<10 

320 


8179 

80 

1 

<10 


suspension by unabsorbed 8179 serum and its agglutinabUity by 8179 
serum after absorption with homologous 8179 suspension. 

The most likely explanation appeared to be that 8179 serum, 
prepared against bacteria heated to 60° C., contained an antibod}'' 
to a heat-labile antigen and that this antigen had not been completely 
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destroyed during the two hours’ steaming of the test suspension of 
1136. To test this point absorbed sera were titrated against suspensions 
treated in various ways. The suspensions were either living cells, 
cells that had been heated at 60° C. for one hour or cells that had been 
steamed at 100° C. for two hours. The corresponding titres were in 
the region of 640, 80, less than 20. Similar titres were obtained when 
these suspensions were tested against sera 1136 and 81/9 after 
absorption with homologous suspensions treated by N HCl, thus 
giving positive evidence of a heat-labile antigen. Felix and Pitt 
(1936) and Kauffmann (1936) showed that serum absorbed by acid- 
treated bacilli wiU contain antibody to a heat-labile antigen and be 
free of antibodies to heat-stable 0 antigen. The agglutination of 
li^dng bacteria was of the 0 type. 

It is clear that the residual antibody in 8179 cannot be flagellar 
in type since the organism was non-motUe and repeated attempts to 
demonstrate flagella by staining methods were unsuccessful. When 
serum 8179 was absorbed with acid-treated bacterium 8179, antibody 
was left for hving 1136, a motile strain, but no agglutinin was found 
to formolised suspension of 1136. It was therefore concluded that 
the residual antibody in these two sera was the result of a heat-labile 
surface antigen on strains 1136 and 8179. Evidence was obtained 
that strain 1136 contained a greater quantity of this antigen than 
strain 8179. 

As table V shows, steamed 8179 suspension was not agglutinated 
bj’^ the antibody to a heat-labile component, though serum 8179 
clearly contained some. The difference between steamed suspensions 
8179 and 1136 is possibly due to difference in amount or in heat 
lability, or both, of the heat-labile antigens. Whereas the M.A.D. 
of steamed 8179 for the removal of homologous agglutinins was 
7 y 10’ per ml.. lea\-ing agglutinins for the labile antigen of 1136, 
massive absorption of 8179 serum by a total of 160x10’ per ml. 
removed aU the 1136 agglutinins. If unheated 8179 or a suspension 
heated to 60° C. was used to absorb 8179, 14x 10’ per ml. was sufficient 
to remove antibody for 1136. On the other hand, the antibody in 
8179 serum nas removed by 40x10’ per ml. of steamed 1136 as 
compared with 160x10’ per ml. required of steamed 8179, showing 
that the labile antigen in steamed 1136 is present in larger amount 
than in steamed S] 79. 

The anomaly originally observed, namely that serum 8179 absorbed 
by a steamed suspension of its homologous strain 8179 agglutinated 
a steamed suspension of a heterologous strain 1136, is explicable on 
the supposition that the absorbed serum contains an unabsorbed 
antibodj’ to a heat-labile antigen. That immune serum prepared 
uith strain 8179 steamed at 100® C. for two hours failed to stimulate 
heat-labile antibody may be inferred from the fact that when the 
serum was absorbed bj* the steamed homologous suspension there was 
no residual agglutinin for living 1136. 

J. TATO. BACT — ^TOL. IXI _ c, 
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KaufFmann (193G) recorded similar findings mth Salni. xiaratyphi-B 
and Sahn. iyphimurium. Sera prepared v'ith living organisms or with 
suspensions kept at 60° C. for one hour contained the antibody which 
remained after absorption of the sera with homologous suspensions 
steamed at 100° C. for two hours. 

Felix and Pitt (1934) and Ivauffmann (1935-36) showed that strains 
of bacteria containing Vi antigen which had been in the steamer at 
100° C. for two hours had lost their Vi agglutinogcnic properties, 
but that their power of absorbing Vi antibody had not been destroj’cd. 
A description of the absorption of antibody from sera 8179 and 1136 
by massive doses of steam-ldlled suspensions has been given. By 
intraperitoneal inoculation, it was found that heat-labile antigen on 
strains 8179 and 1136 did not confer mouse pathogenicity. 

Discussion 

Kauffmann (1941) reported on 4 strains of paracolons which 
shared the salmonella non-specific H antigens 1 and 5, and also the Vi 
antigen of Salmonella iyphi. Tliree of these strains yielded opaque 
and translucent variants, the “ V” and “ W ” forms of Kauffmann (1935- 
36). The opaque V colonies, agglutinated by Vi antiserum, were 
inagglutinable by 0 antiserum, and produced W variants. The trans- 
lucent W colonies were inagglutinable by Vi antiserum, agglutinable 
by 0 antiserum, produced very few V variants, but absorbed Vi 
antibody. The fourth paracolon isolated vith Vi antigen grew as a 
W variant. 

Kauffmann (1943, 1944a, b, c, d) has recorded a new heat-labile 
somatic antigen, “ L ” antigen, on Bact. coU and paracolon bacilli. 
This L antigen resembles the Vi antigen in that it is destro 3 ^ed at 
60° C., but differs in that suspensions killed at 60 or 100°, or by alcohol, 
faff to absorb homologous agglutinin from antisera. To prepare an 
antiserum to the L antigen it is necessary to choose a culture which 
when tested in living suspension against the 0 antiserum faffs to he 
agglutinated, but when tested with suspension killed at 100° C. is 
agglutinated. This strain used in the viable state to immunise a rabbit 
wUl 3 deld an anti-OL serum. In testing for L antigen-antibody imion, 
living bacteria must be used and the agglutinable suspension incubated 
for 20 hours at 37° C. 

L antigen cultures contain “ L plus ” opaque variants and “ B 
minus ” translucent variants which are entfrely comparable to the 
V and W variants of Vi cultures. Using mice, Kauffinaim showed 
that inocula of from 50x10® to 500x10® L plus organisms were 
lethal, whereas L minus cultures in similar dosage failed to kill a 
high proportion of mice. By active and passive immunisation of 
mice, he was able to ascribe protective properties to the L antigen. 

It follows that by testing coliforms against L plus and L minus 
sera a technique has been found by which Aurulent strains of coliforms 



SEROLOGY OF PARACOLONS 


71 


can be detected. IvnipscMld (1945, cited by \ ablne, 1945) in collabora- 
tion rrith KaufFmann, demonstrated that the L antigen is a capsular 
antigen which Vahlne (1945) renamed the K antigen. Immune K 
senim produces capsular swelling, similar to that produced bj' pneumo- 
coccal antiserum, when in contact with homologous Bact. coU, and 
1515 strains of Bad. coU and Baderium aerogenes were successfully 
grouped into 115 types on the basis of their 0, H and K antigenic 
analysis. Analogous methods applied to paracolons might produce 
similar results. 

Marmion (1944) reported 2 paracolon strains which were 
agglutinated to titre by Sahn. typhi Vi serum. Hve other reported 
strains are probably descendants of Kauffmann’s strains, so that a 
total of 6 and perhaps 11 strains has been recorded as containing a 
heat-labUe antigen. To this total, strains 1136 and 8179 may now 
be added as having an antigen comparable in heat-lability with the 
Vi antigen. 


Combining but non-agglutinating antibodies in paracolon antisera 

In the mirror-absorption test of strains 8179 and 1136 (table V) 
there is evidence of a masked antigen-antibody reaction which needs 
explanation. The unabsorbed serum 8179 failed to agglutinate 
heterologous bacteria with the heat-labile antigen on their surface 
imtil the serum had been absorbed by the homologous strain. We 
may suppose that the suspension of 8179 absorbed a non-agglutinating 
antibody, leaving an agglutinating antibody to react with the corres- 
ponding heat-labile antigen in 1136. 

This phenomenon recalls Ehrlich’s hypothesis of agglutinoids 
which Shibley (1929) showed could be produced artificially by heating 
the serum. This model postulates that agglutinoids are more avid for 
organisms than agglutinins. Leaving aside this question of avidity, 
the phenomenon might be due to the agglutinogen being rendered 
insusceptible in some way to the agglutinin. Eor example, the 
protection of foetal erythrocytes from maternal a and jS agglutinins 
is believed to be affected by water-soluble group-A and -B substances 
present in the infant’s tissue uniting with the maternal agglutinins 
that reach the foetus. The observation of Bawden and Kleczkowski 
(1941, 1942) is an example of antibody failing to show macroscopic 
evidence of antigen-antibody union. Heating serum-albumin and 
serum-globulin produced an albumin-globulin complex that proved 
to be antigenic. The antiserum to the complex precipitated with 
globidin alone ; the precipitate was inhibited by the complex. 

The anti-paracolon sera were not knowingly subjected to processes 
likely to produce such conjugation, but as Wilson and Miles (1946) 
visualise the possible occurrence of antigenic but non-reacting 
siibstances in nature, the anomalous reaction of the paracolon serum 
is worth recording, despite the absence of an explanation. 
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StJMJiAiiy 

1. Ninety paracolon bacilli were divided into 16 biochemical 
groups by their power to ferment sucrose, dulcitol, salicin and lactose. 
Immune serum was prepared from 9 strains representing the pre- 
dominant biochemical group and the antigenic relationships of these 
strains were determined by mirror-absorption tests. 

2. Of 90 late-lactose, fermenters from fmcal and urinary sources, 
76 (S3 -3 per cent.) shared either a somatic or a flagellar antigen, or 
both, with one or more of the type strains. It was possible to 
characterise 59 (G5-5 per cent.) strains in terms of a somatic antigen. 
The somatic antigen of 18-6 per cent, of these 59 strains was shared bj' 
more than one of the t 3 'pe strains. Forty-seven (52*2 per cent.) had 
H antigens related to those of the ty^pe strains. There was multiple 
cross agglutination in 7G‘C per cent, of these 47 strains, showing the 
lesser specifi.citj’’ of flageUar antigens. 

3. There was no constant association between biochemical and 
serological groups, nor was there an antigen common to all or even 
the majority of the paracolon strains. 

4. Three strains of motile paracolon bacilli tested for phase variation 
were apparently nionophasic. 

5. Fifteen strains of non-lactose fermenters were tested against 
the serum of the patients from whom the organisms had been obtained. 
Two agglutinating s 3 ’'stems 3 ’ielded a significant titre. 

6. Two strains of paracolon bacilli, 1136 and SI 79, were found to 
possess a common heat-labile antigen similar to the non-virulent Vi 
antigen of Salmonella described by Kauffmann (1936). The i^ro- 
portional amount of the Vi antigen appears to vary vdth the strain. 
It was present in greater quantity on 1136 than on 8179. 

7. One rabbit antiserum appeared to contain non-agglutinating 
antibodies to a strain containing an agglutinable heat-labile antigen., 

Thanlss are due to Dr A. A. Miles for his interest and 'advice. 
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THE PATHOLOGY OF SUBACUTE COR PULMONALE 
IN DIFFUSE CARCINOI^IATOSIS OF THE LUNGS 

A. D. lIOBGA2>* 

Department oj Pathology, John Buiford Oarlill Laboratories, 
Westminster Hospital 


(Plates XlX-XXni) 

The main, object of this paper is to describe a case of lymphangitis 
carcinomatosa of the lungs complicating an imdiagnosed gastric 
carcinoma and giving rise to obliterative endarteritis of the ptdmonaiy 
vessels, "with right ventricular hypertrophy. The literature of 
lymphangitis carcinomatosa and subacute cor pulmonale is briefly 
reviewed, and in the discussion the inter-relation of the various 
pathological processes is considered. 

Case Repobt 

Glinical history 

The patient, a male aged 08, a cafe proprietor, vas admitted to Westminster 
Hospital with cyanosis, dyspnma and oedema and died 4 days later. 

Past history. Never robust, he had been subject to bronchitis for many 
years. At the age of 31 a gastro-enterostomy was performed for duodenal 
ulcer. Over an indeterminate period he bad been breathless on exertion, 
especially in winter, when he suffered from colds, and 5 years before his death, 
chronic emphj^sema was diagnosed radiologically. At this time he began to 
complain of a dull aching pain in the epigastrium, radiating round the right 
hypochondrium, and for the last 3 years of his hfe he continued to have pain 
and flatulence, apparently unrelated to food. During the last year existence 
was a misery because of daily attacks of abdominal pain, though he never 
vomited. X-ray examination of the chest 18 months before death revealed 
gross emphysema, with cor puhnonale (fig. 1) : a barium meal showed a deformed 
duodenal cap and pylorospasm, suggestive of continued duodenal ulceration. 

Becent history. During the last few months of his life he continued to attend 
as an out-patient on aceoimt of abdominal pain and loss of weight. A barium 
meal 7 weeks before death showed the stoma functioning well after some initial 
delay, but the presence of a tumour was not suspected ; a firactional test-meal, 
however, showed achlorhydria, even after histamine. One month before 
admission, following a “ cold,” breathlessness became greatly increased : two 
weeks later he complained of intermittent pain in the chest. A few days before 
admission he developed orthopncea and dependent osdema. 

On examination he was wasted, orthopnoeic and cyanosed, with dilated 
venules over the nose and cheeks, but the neck veins were not distended. He 

J. TATU, BICT,— TOL IXt 75 



70 


A. D. MORGAN 


liad slight OBclema round tho oycs, nnd ocdomn of tlio elbows and Imnds, sacrum 
and anldes. Pulso weak, 90/minuto : B.P. 110/75. Auscultation revealed a 
triple rhythm, heard most clearly in tho epigastrium. Tho chest was 
emphysematous, wdth less than half an inch of expansion, ly'per-resonance, 
and diminution of cardiac and hepatic dulness. Air entry was poor ; rhonehi 
were audible in all areas nnd rales at both bases. Tlio liver, which appeared 
to be tender, was palpable 4 in. below tho costal margin. X-ray examination 
of tho chest showed fine mottling of the upper nnd middle zones (fig. 2). 

Before death, tho oedema disappeared from tho face nnd arms and settled 
in the lower limbs, but tho cj-anosis nnd dj'spncoa increased. He died 4 ilays 
after admission. 

Posl-mortcm examination 
(22i hours after death) 

A spare elderly male with oedema of both ankles. The chest was 
not barrel-shaped. 

Stomach. A totallj^ unexpected finding was a sclerosing carcinoma 
of the leather-bottle tj^e, immlving the distal lialf of the stomach, 
extending proximaU}’^ along the lesser curvature and distally as far 
as the pyloric sphincter. In the centre of tlie area of growtli the old 
gastro-enterostomjr stoma was wadely patent, tho tumour apparently’ 
involving the gastric but not the jejunal side of the opening. Along 
the lesser curvature was a crop of small white lynnph-nodes invaded 
by gro\vth. Liver, spleen and kidneys showed well-marked passive 
congestion but no signs of metastases. 

The heart weighed 370 g., the increase being due entirely to hyper- 
trophy of the right ventricle, which showed thickening of the columnaj 
camem and papillary muscles (fig. 3). The thickness of the right 
ventricular muscle, midway between base and apex, was 1-0 to 
1-3 cm. The left ventricle at the same level varied from 1-1-1 -5 cm. 
in thickness. The tricuspid and pulmonary valve-rings were dilated, 
but the cusps themselves were healthy. Mitral and aortic valves 
normal. The aorta showed slight atheroma. 

Both hbngs w-ere bound to the chest wall by’ old adhesions ; their 
anterior margins were ballooned at two or three points into thin- 
walled bullae, but otherwise were not strUcingly’ emphysematous, and 
certainly not severe enough to be associated with cor pulmonale. 
When palpated, they did not crepitate ; on the contrary their 
consistence was rather tough. 

The cut surface, when examined with a hand lens, showed patches 
of emphysema and a general increase in stroma, with short white 
fibrous cords, seen on cross section as Avhite dots, running through 
the lung substance (fig. 4). There Avas no other macroscopic evidence 
of carcinomatous deposits, and the pleura appeared normal. The 
thoracic duct and liilar lymph-nodes Avere macroscopically’ normal. 
The pulmonary arterial tree was dilated throughout, and the larger 
branches shoAA’ed broad plaques of atheroma. 



J. TATU. BACT.— VOL. LX I 


Platp: XIX 


Cor ruLMON^MK in carcinomatosis or lungs 



allowing inodlinf; of npiior 
lya lioCoro di'iitli). 





COB PULMONALE IN CARCINOMATOSIS OF LUNGS 


77 


Histology 

Stomach. The tumour had the usual characters of an atrophic 
scirrhous carcinoma, the great hulk of the grovrth being composed 
of fibrous tissue throughout u-hich small, darkly-staining anaplastic 

cancer cels u-ere sparsely scattered. 

Lungs. The microscopic picture was as extraordinary as it was 
unexpected. Two main changes were observed ;—(l) The great 
majority of the arterioles were completely occluded by a form of 
ohlterative endarteritis. (2) The perivascular and peribronchial 
lymphatics throughout both lungs were distended by plugs of cancer 
cells (lymphangitis carcinomatosa). 

Nearly aU the arteries less than 0-4 mm. in diameter were com- 
pletely occluded, mostly by weU-formed connective tissue, a few by 
more or less recent thrombosis. Vessels between 0-4 and 0-8 mm. 
were partialy occluded by fibrous intimal processes apparently growing 
firom the wal (fig. 5), whle the larger vessels, though they showed 
perivascular carcinosis, had a clear lumen. The intervening alveoli 
were free of tumour cells, and showed foci of emphysematous dilata- 
tion, presumably “ compensatory ” (figs. 6 and 7). 

The appearance of the small arteries, on cross section was variable. 
The majority were converted into solid cords (forming the network 
seen macroseopically) due to extensive and long-standing intra- 
vascular and perivascular fibrosis. These cords were permeated by 
cancer cells, in some cases intravascular and perivascular (fig. 8), 
in others perivascular but not intravascular (fig. 9), and in others 
intravascular but not perivascular, the picture obviously varying 
with the plane of section. It was not possible, however, to demonstrate 
a CQimection between the cancer celk in the lumen and those in the 
perivascular lymphatics, the media being always intact. Even in the 
thin-waUed pre-capillary vessels this was so (fig. 10). Evidence of 
the long-standing nature of the lesion was afforded by the degree of 
atrophy and absorption of the media at certain points. In a few 
instances it had completely disappeared, its site being indicated by a 
ring of carbon-pigment in the thickened adventitia. 

Giant sections showed that these changes were more marked in 
the peripheral and subpleural zones of the lung than in the hfiar region, 
although some of the hilar lymph-nodes showed early invasion. 
Weigert’s elastic stain showed increase in the elastic lamiuEe of the 
larger arteries (fig. 11) due to pulmonary hypertension. 

LyarPHAXGrns CAEcrxoiiATOSA 

In 1868 Bristowe described the post-mortem appearances in a 
man djung from cancer of the lower oesophagus and cardia, in which 
the subpleural lymphatics were distended with cancer cells, forming 
a fine network on the lung surface, ilicroscopically the lungs showed 
widespread dissemination of tumour ceUs in the lymphatic system, 
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and he suggested that retrograde spread of tlie tumour had occurred 
throughout the pulmonary 'lymphatics from metastases in the hilar 
glands. Three years later Bennett (1871) recorded similar appearances 
in the lungs of a patient 2 years after removal of the left breast for 
scirrhous cancer, and added that the cut surface of the lungs resembled 
that seen in miliary tuberculosis, apparently due to fibro-cancerous 
growth around the blood-vessels and bronchioles. Troisier (1873) 
and Girode (1889) gave accounts essentially' similar, the latter using 
the term “ cancerous lymiphangitis,” and recording traces of 
“ endarteritis ” in the pulmonary arterioles, which he appears to 
have regarded as a coincidental finding. He suggested three possible 
modes of spread to the lungs : — (1) Hccmatogenoiis, following invasion 
of the veins in the vicinity' of the tumour ; cancer cells were thus 
convey'ed via the right heart to the pulmonary arterioles, with 
subsequent invasion of the surrounding lymphatics. (2) Direct, 
through the diaphragm, followed by' invasion of the pulmonary' 
lymphatics through the pleural stomata. (3) Lgmpliogenous, to the 
thoracic duct and liilar lymph-nodes, with retrograde invasion of the 
pulmonary and pleural lymphatics. 

Schmidt (1903) published a series of cases in which one-half 
revealed the presence not merely of endarteritis but of cancerous emboli 
in the pulmonary arterioles, a finding which led him to conclude that 
access to the lungs was obtained through the thoracic duct, great 
veins, right heart and pulmonary' arteries. He pointed out that the 
absence of invasion of the thoracic duct did not invalidate his theory, 
since a patent duct was more likely' to transmit emboli than one 
occluded by tumour. In one of his cases hy'pertrophy' of the right 
ventricle was observed, and in 1919 von Mey'enburg described two 
similar cases -with right ventricular hypertrophy, suggesting as a 
cause obstruction of the pulmonary arterioles, either by' obliterative 
endarteritis, or by compression of the vessels by tumour masses in 
the perivascular lymphatics. He regarded the presence of cancer 
cells in the vascular lumen as a secondary phenomenon, due to invasion 
of the vessel wall from without. Schierge (1922) considered it possible 
for blood-borne tumour cells to pass through the pulmonary' capillaries 
into the lymphatics without being arrested, and it is interesting to 
note that most accounts of lymphangitis carcinomatosa do not record 
the presence of tumour cells within the blood-vessels themselves. 


Obliterative endarteritis 

Schmidt in his series appears to have regarded the fibrous occlusion 
of the pulmonary arterioles as an end-result of organisation of thrombi 
precipitated by cancerous embolism, von Meyenburg, on the other 
hand, described an obliterative endarteritis w'hich he considered a 
reaction on the part of the intima to the presence of tumour cells in 
the perivascular lymphatics. This is the view of Greenspan (1934) 



COR PULMONALE IN CARCINOMATOSIS OF LUNGS 79 

and BriU and Robertson (1937). In an admirable review of 49 cases 
of lymphangitis carcinomatosa, including most of the foregoing, 
Wu (1936) pointed out that only 8 showed endarteritis, and that 
5 of these were associated with cancerous emboli in the pulmonary 
arterioles. Therefore, though he regarded lymphangitis carcinomatosa 
as a retrograde lymphatic spread ftom the hilum, he considered that 
intravascular deposition of cancer played an important part in the 
genesis of the obliterative changes. 


Bespiratory symptoms in lymphangitis carcinomatosa 

The main clinical features are increasing dyspncea, frequently 
proceeding to orthopnma, cough, expectoration and sometimes chest 
pains. Physical signs are disproportionately few, the chest being 
resonant to percussion, and in several cases emphysematous (Rossle, 
1908 ; Bernard and Cain, 1913 ; Durbeck, 1926 ; Mason, 1940). 
Dry pleurisy and pleural effusion have been recorded. Cyanosis is 
usually severe. The average duration of respiratory symptoms is 
from 3 to 8 weeks. It is generally agreed that they are cardiac in 
origin, and not due, as was thought by Girode (1889) and Bard (1906), 
to oadema of the lungs from lymphatic obstruction. 

Subacute cok BULMOirAEE 

In Wu’s series, 11 of the 49 showed right ventricular hyper- 
trophy. In 1937 Brill and Robertson introduced the term subacute 
cor pulmonale to indicate a right-sided hypertrophy occurring in 
association with diffuse carcinomatosis of the lungs, developing during 
the last few weeks of life, and not attributable to any other cause. 
The consensus of opinion favours arteriolar blockage as the cause 
of right ventricular hypertrophy, although it is considered that 
compression of the vessels by tumour cells in the perivascular 
lymphatics may play a part. Thompson and White (1936) estimate 
that at least 2 months’ strain is necessary to produce appreciable 
hypertrophy of the right ventricle. 


Genesis of subacute cor pulmonale : analysis of cases 

Study of an adequate number of cases makes it clear that there 
is a type of diffuse carcinomatosis of the lungs, complicating cancer 
arising in the abdomen, in which the abdominal symptoms are either 
absent or largely overshadowed by respiratory distress. At autopsy 
the lungs at first sight appear to be free from involvement, but closer 
mspection may reveal one or both of the following (1) A whitish 
network of distended lymphatics on the pleural surface (fig. 12). 
(2) Numerous fine white cords forming a tracery on the cut surface 
of the lung, appearing on cross section as small white dots. These 
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give rise to X-ray appearances sufficiently characteristic to enable 
a diagnosis to be made, sometimes months before the primary growth 
has declared itself (Lorenz, 15)21-22 ; Lucas and Pollack, 1931). 

During the last centurj' nearly 100 cases have been recorded, but 
inevitably the absence of morbid anatomical or histological data 
renders a number of these unsuitable for consideration. Fairly 
comprehensive lists have been compiled in papers bj’^ Poppi (1935) 
and Wu (1936). With a view to correlating the various pathological 
changes underljdng the clinical symptoms, 78 of these have been 
analysed, wdth the following results. 

Site of primary. In about three-quarters of the cases the stomach 
was the seat of a primar}’- carcinoma, seldom diagnosed diming life. 
Other sites included the breast, prostate, bronchus, bih'ary apparatus, 
pancreas and pelvic organs. 

Distribution of tumour cells in lungs. Microscopically 69 showed 
tumour cells in the pulmonary Ijonphatics (lymphangitis carcino- 
matosa). The detail given in the histological reports is variable, but 
no less than 22 of the 69 recorded the presence of cancer cells inside 
the blood-vessels also, wdiile onlj’' 5 authors stress the absence of this 
phenomenon. Nine cases showed tumour cells in the vessels only, 
without evidence of tymphangitis carcinomatosa. There is thus no 
clear-cut histological distinction between the group wliich is clearly 
blood-spread, and that which is held to be lymph-spread. 

Pulmonary arteriolar occlusion. From the descriptions and photo- 
micrographs it is apparent that ivhat is “ endarteritis ” to one author 
is merely fibrous organisation of thrombi to another. I shall therefore 
use the term “ intravascular fibrosis ” to cover both senses. What is 
more important is that in 40 cases there is mention of an obstructive 
lesion in the pulmonary arterioles, 30 in the form of intravascular 
fibrosis and 10 from cancerous embolism wdth or without recent 
thrombosis. 

Bight ventricular hypertrophy was found in 11 cases, in only one of 
which was the diagnosis made during life. The relevant details are 
summarised in the accompan 3 lng table. 

Since only a handful of cases of Ijmiphangitis carcinomatosa 
showed cor pulmonale, it is not likely that the presence of tumour 
cells in the perivascular lymphatics alone will produce right ventricular 
hypertrophy, as has been suggested by Goldmann (1931). A glance 
at the table, on the other hand, shows a significantly high incidence 
of intravascular fibrosis (8) or more recent occlusion by tumour 
cells with or without thrombosis (2). 

Intravascidar fibrosis. Twenty-four of the 30 cases showing intra- 
vascular fibrosis also showed tumour cells in the lumen of the vessel, 
suggesting that it is the cancer cells which give rise to the thrombosis. 
The high incidence of scirrhous tumours lends w^eight to the suggestion 
of Brill and Robertson that the type of the growth itself may be a 
factor in determining the degree of intravascular fibrosis. This is 
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Fig. 3. — Transverse section of heart showing h\-pertrophy of right ventricular muscle. 
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Fig. 8. — ^Pulmonarj- vessel occluded by intravasculor fibrosis, and showing both 
intravascular and perivascular carcinosis. Haematoxjdin and eosin. X 100. 



I'u;. It. — Occluded nrteriolo sho^^^ng perivascular but not intravascular carcinosis. 
H.Tmatovylin and cosin. X l^.i. 
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Fig. 10. — Pre-capillan- vessel 
containing a cancerous em- 
bolus, inth tumour cells in 
the perivascular Ijunphatics. 
H.'ematoxylin and eosin. 

Xl25. 

Fig. 11. — Lung showing pulmonary arteriosclerosis. 
Weigert's elastic stain, x 75. 








' — Magiii(ie<l view of lung <?urfacc show me a network of pleural Ijv'mphatios 
thMcndcd by cancerous ponneation (hmphangitis carcinomntosa). x -. 
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certainly true of tlie perivascular fibrosis, since there are no other 
factors to account for it. 

TABtE 


Z)i0iwe carcinomatosis of the lungs ; relation of right ventricular 
hypertrophy to other changes 


C3=e no 

! 

siM or ( 
pninarj ^ 
tUTOOUT ( 

1 

Type of tamoiir 

Lymph- 

carclno- 

TOatovA. 

Intra- 

iS'ical.ir 

fUiro^ls 

Recent 

thromho^h 

Cancer cells 

■ 

Stomach ' 

Scirrhotis 

7 

4 - 

... 



„ i 

f* 


+ 


T" 


” 

Encephaloid 



'f' 

•7" 



Scirrhous 

4 - 

— 

4 

.1 1 « 



Polypoid 

-r 

... 

... 

... 

6 


Scirrhous 

-U 

4 - 






4- 

4 - 

4 - 

... 

8 





-r 

4 - 

4 . 

' 9 


Anaplastic 
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— 
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-r 

-f 

1 U 

Unknown 


; 


... 

... 


The spbead of cakcee ix the ehxgs 

Opinion varies as to horr the tumour cells reach the lungs. The 
theory of retrograde lymphatic spread in every case is open to several 
objections. (1) It conflicts with the findings of Costedoat and CodveUe 
(1932) who, in an excellent review of the clinical and pathological 
picture of Ijrmphangitis carcinomatosa, pointed out that the thoracic 
duct at autopsy was usually clear. (2) It does not satisfactorily 
account for the presence of tumour cells inside the blood-vessels in 
30 per cent, of cases, (3) Nine cases in the above series (including 
2 with right ventricular hypertrophy) were certainly blood-spread 
and failed to show tumour cells in the lymphatics at ah. 

If one postulates hematogenous spread, two questions present 
themselves. How do the tumour cells reach the bloodstream and 
how do they reach the pulmonary lymphatics ? In the absence of 
hepatic metastases it is likely that invasion of the bloodstream is 
not via the gastric veins, but by way of the thoracic duct and 
systemic veins (Stevens, 1907) and so through the right heart into 
the pulmonary artery. 

Several authors are of the opinion that spread to the perivascular 
lymphatics of the Itmgs occurs by direct extension through the 
arteriolar wall, and there is no doubt that in the more nodular forms 
of pulmonary carcinosis tins sometimes occurs. In the case described 
above, however, the media was invariably intact, though the appear- 
ances suggest that if one could follow the vessels to their finest 
ramifications, an unbroken communication between the cancerous 
emboli in the vessels and the tumour cells in the lymphatics might 
eventually he traced. Indeed, such continuity was traced in one 
of Schmidt’s series. 
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It -would bo imAvise to dra-vv a general inference from a single 
instance, but in the present case the variable appearances would 
bear explanation on the basis of the following mode of spread : — 
Small tumour emboli in the pulmonary circulation become arrested 
in the smaller arterioles, and thercaft-er the tumour cells spread along 
the vessel, both proximall3' and distall^', causing thrombosis and 
intravascular fibrosis. On their reaching the smallest vessels ready 
access to the lymphatic system of the lungs is obtained, thus accounting 
for the subpleural, perivascular and peribronchial network. That is to 
say, the lymphatic spread is towards the hilum, and the hilar glands ore 
involved later. Large-size sections in the present case show the 
infiltration to bo more marked in tlie peripherj'^ of the lung than the 
hilum, which tends to support this view. 

A random section from a recent case of Ij'mphangitis carcinomatosa 
(due to primary prostatic cancer) clearl}' shows tumour cells in the 
subpleural Ijunphatics and l3unph-spaces in direct continuit3" with the 
perivascular lymphatics of a small vessel. This might equally be 
taken to indicate retrograde l3mphatie spread, but again the periphcr3' 
of the lung was more heavily involved than the hilar region. 

The present case would appear to be exceptional in certain respects, 
notably the duration of s3mptoms. Five years before death the 
patient was radiological emphysematous, and cor pulmonale was 
noted 18 months before the end, j.c. it was not trul3’' “ subacute.” 
Now emphysema, even though advanced, does not ordinnril3' produce 
cor pulmonale (White and Brenner, 1933 ) ; moreover the lungs at 
autopsy were not those of chronic vesicular emph3'6ema, the patch3’ 
alveolar dilatation being presumably an attempt to compensate for 
the reduced vascular bed. As stated, clinical emph3'sema has been 
noted in several cases of l3miphangitis carcinomatosa but -n-as usually 
of short duration. 

In view of the duration and degree of the right ventricular h3’per- 
trophy and the extent and chronicity of the pulmonar3" arteriolar 
changes, one is obliged to consider the possibilit3'^ that the insidious 
nature and slow growth of the primary tumour determined the rate 
of subsequent events. Linitis plastica is extremely slow in its gioudh 
— Costedoat and Codvelle record a case d3’ing 8 3'ears after gastrectomy 
— and its metastases may be equally slowly gro-sving. The arteriolar 
changes in the lungs, notably the complete disappearance in places 
1 of the musculo-elastic media, must have taken place over a fairly 
lengthy period, and one must therefore entertain the possibility that 
the pulmonary circulation was subjected to a sparse but steady shower 
of tumour emboh over a period, not of weeks or months, but of 3'ears. 

SUMMAEY 

1. A case of lymphangitis carcinomatosa with right ventricular 
h 3 q)ertrophy is described, the primary tumour being a scirrhous 
carcinoma of the stomach. 
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2. A study of the literature of diffuse carcinomatosis of the lungs 
reveals that in three-quarters of the cases the primary tumour was 
a gastric carcinoma, seldom diagnosed during life. 

3. Analysis of the microscopical reports in 78 published cases 
shows that there is no clear-cut histological distinction between the 
group where spread to the lungs is obviously hsematogenous and 
that which is held to be due to retrograde spread from the hilar lymph- 
nodes (lymphangitis carcinomatosa). One-third of the cases of 
IjTnphangitis carcinomatosa showed tumour cells in the blood-vessels 
as well as in the perivascular lymphatics, frequently associated with 
diffuse obliterative endarteritis or organised thrombosis. 

4. Of the eleven cases accompanied by right ventriciilar hyper- 
trophy, ten showed an obliterative lesion of the pulmonary arterioles 
in the form of intravascular fibrosis or more recent thrombosis. There 
is thus reason to believe that subacute cor pulmonale is due, not to 
Ijunphangitis carcinomatosa per se, but to occlusion of the pulmonary 
arterioles. 

5. The suggestion is made, in the light of these findings, that 
lymphangitis carcinomatosa follows a hismatogenous spread of tumour 
cells to the lungs rather than a retrograde spread from the hilar 
lymphatics. 

I am indebted to Dr W. E. Lloyd for the clinical details ; to our Department 
of Medical Photography for the photographs ; and to Professor R. J. V. 
Pulvertaft for the photomicrographs. 
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THE HOLE OE TEST TOXINS AND THE NEED EOR 
STANDARDS IN THE DETER^HNATION OE 
AVIDITY OE ANTITOXINS 

Molue Baeb 

From ihe, Wellcome Physiological Research Laboratories, Beckenham, Kent 

It -was suggested by Glenny and Barr (1932) that tbe simplest measure 
of avidity for diphtheria antitoxin was the dilution ratio. This ratio 
is the amount of antitoxin required to neutralise the Lr dose of toxin 
in a total volume of 2 ml., divided by the amount necessary to neutralise 
this dose in a volume of 200 ml., as determined by the guinea-pig 
intraoutaneous method of test. These levels of testing correspond 
respectively to Lr/10 and Lr/1000, and the sera for which the amount 
required to neutralise is greater at the more dilute level are classed 
as non-avid, because their combination with toxin is not firm and 
dissociation occurs at high dilutions. A correlation was shown to 
exist between the sennn ratio (in-vivo value : in-vitro value), the 
results of combining-power tests by the rabbit intravenous method 
(Madsen and Schmidt, 1930) and the value of the dilution ratio against 
a certain fixed toxin. 

Later work has shown that, as might be expected, the value of 
the dilution ratio for any given antitoxin varied according to the 
batch of toxrn used for the titrations. 


Experimental 

This paper is concerned with the results of dilution-ratio deter- 
minations of antitoxins of different grades of avidity, using for the 
titrations 5 toxins of different degrees of toxicity as measured by the 
number of JI.R.D. present in the Lr dose. Of the toxins, prepared by 
Dr Linggood, three were produced from routine P.W. S strains, the 
times of growth being 4, 10 and 10 daj's. One of these 10-day toxins, 
A, had been in the store for a number of years, but all other prepara- 
tions were freshly made. A further two toxins were produced from 
grams strains and grown for 3 and 10 days. Details of the 5 toxins 
are given in table I, which shows that the relative toxicity of the 
short-growth gravis preparation, E, was considerably greater than 
that of any of the other toxins, A and B being almost identical, and 
C and D more toxic than A and B but much less so than E. A 
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comparison of the data for B and C suggests that less natural toxoiding 
occurs during the growth of the gravis strain. The gravis toxins, 
being of low potency, were concentrated by ultra -filtration. 

Table I 


Some details oj the diphtheria toxins used in these experiments 


Toxin ...... 

A 

B 

c 

D 

E 

Strain ...... 

P.tV. 8 

P.AV. 8 

Qravis 

P.AV. 8 

gravit 

Longtli of growth (dnvfi) 

10 

10 

10 

4 

3 

Toxicity 

3*2 

3-6 

5*5 

0-2 

15-0 

Age 

Old 

Fresh 

Frc.<<h 

Fresh 

Fresh 


The samples of antitoxin selected, 14 in all, covered a range of 
serum ratios from 0-77 to 4*29, and the dilution ratios of these were 
determined against each of the five toxins shown in table I. The 
resulting values are given in table II. The last column shows that 


Table H 

Values of the dilution ratio for 14 sera, caeh determined 
against S toxins 


Scrum 

Scrum 

ratio 

Dlintton ratio ncalnst toxin 

Avcmia' 
dilution ratio 

A 

B 

C 

1) 

i: 



1 

1-00 

M8 

1-09 

0-98 


Bi 


2 

4-29 

1-20 

1-07 

1-00 



1-030 

3 

1-29 

M2 

0-98 

0-94 

0-94 


0-978 

4 

1-59 

M2 

0-93 

0-90 


0-83 

0-952 

5 

1-25 

1-04 

0-94 

0-93 


0-85 

0-934 

6 

1-21 

1-00 

0-88 

0-08 

0-88 

0-81 

0-922 

7 

2-38 

1-03 

1-05 

0-83 

0-84 


0-8SS 

8 

1-38 

1-09 

0-92 

0-84 

0-81 


0-sse 

9 

0-99 

0-99 

0-99 

0-83 

0-84 


0-878 

10 

Ml 

0-97 

0-94 

0-84 

0-82 


0-844 

11 

1-27 

0-97 

0-83 

0-76 

0-78 


0-S04 

12 

0-98 

0-90 

0-80 

0-77 

0-74 


0-782 

13 

0-77 

0-77 

0-08 

0-59 

0-G3 

0-59 

0-052 

14 

0-80 

0-82 

0-62 

0-66 

0-Gl 

0-63 

0-048 

Average 

1-018 

0-910 

0-851 

0-834 

0-701 



the sera are arranged in descending order of dilution ratio, and the 
average figure for the 14 sera, calculated for each toxin and given 
on the last line in table 11, shows that the dilution ratio of the sera 
appeared highest when toxin A was used, the average decreasing 
progressively from A to E. The difference between the two extremes 
A and E is approximately 25 per cent., and it is evident that the 
higher the toxicity of the test toxin the lower the dilution ratio of the 
antitoxin, aovejuifewhichmijght be expected from theoretical considera- 
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tions. Tiie greatest consecutive difference, hovrever, is between 
A and B, although little difference in toxicity could be demonstrated : 
the difference between B and E is neatly as great, and that between 
B and C greater than that between C and B. Nearly all sera appeared 
avid or of average avidity against toxin A, while all appeared non- 
avid against E. Thus the trend of values for dilution ratio against 
the 5 toxins is indicated by the following 


■ 

Toxin 

Xo. of anfUcra -nilh dUuUon-ratio vafnts 

<0-S0 

i >0-80 

A i 

I 

12 

B i 

i 2 

9 

C 

, 4 

6 

D 

4 

1 ^ 

E 

8 

3 


It is evident from table H that no absolute value of the dilution 
ratio can be allocated to any serum and that the avidity of a serum 
should be referred to that of an “ avidity standard ”, the dilution 
ratio of which should be measured from time to time against the test 
toxins in current use. The dilution ratio of the standard against any 
given test toxin would constitute the “ dilution characteristic ” for 
that particular toxin. 

Table IH gives a summary of the relative avidity of sera 1-14 in 
table II referred to the general dilution characteristic of each toxin, 
i.e. the average of the dilution ratios of aU 14 sera tested against 
each toxin. Dilution ratios referred to some standard figure will be 
termed “ dilution indices.” It is evident from table HI that the 
majority of the calculated indices against 5 different toxins are within 
experimental error of the average for each serum. In practice it is 
necessary to select a serum to be used as a standard, and examination, 
of the results in table HI suggests that serum 2 or serum 12 would be 
the most suitable antitoxins for this purpose. Serum 2 is to some 
extent abnormal, having a serum ratio of 4-29 : for immediate 
purposes, therefore, serum 12 has been chosen as avidity standard, 
and table IV gives the average dilution, ratio of the remaining sera, 
referred to the average value for serum 12 (column 2). The remaining 
columns give values of the percentage deviation from the average 
index for each toxin used, and the average percentage deviation for 
the five determinations. 

It will be seen that 3o'7 per cent, of the values ate within 2*5 per 
cent, of the average, 78-6 per cent, within 3 per cent,, 87-1 per cent, 
within 7-5 per cent., and 92-9 per cent, within 10 per cent. These 
figures show that when sufBcient tests are made, usually five for 
each determination, the results are correct within very narrow limits, 
but the distribution of the values suggests that there are some 
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exceptions. TJiese may be due cither to nn unusual fit or absence of 
fit between certain toxins and antitoxins, -which affects the dilution 


Tabu: ni 

Dilution indices for the sera shown in tabic JI, referred to the 
dilution characteristics of each toxin 



Tabu: IV 


Percentage differences between each dilution index referred to scrum 12 and the ‘ 
average for the 5 indices determined against different toxins 


Toxin 

A 

It 

c 

J) 

i: 

An-niBS 

pcrccnt.icc 

(lltron-nce 

Scrum 

-AvcraRC 

Index 

PcrcciitaKC dilTcrcncc from nvernge Index 


1-340 

2*2 

+ 1-7 

-5-0 

-f- 0 '8 

+4-5 

2-8 


1-324 

+ 0-7 

+ M 

-1-9 

+ 2-0 

-1-S 

1*0 


1-252 

-0-6 

2»2 

—2-5 

+ 1-4 

+3-8 

2-1 


1-216 

+ 2-3 

-2-3 

+ 2-5 

0 

-2-5 

1-9 


1-197 

-3-4 

-1-8 

+3-1 

+0-5 

+ 1-4 

2-0 

6 

1-179 

-0-1 

-6-7 

+ 8-0 

+ 0-8 

— 1-9 

3-5 

7 

1-131 

-fl-1 

+ 16-1 

—4*7 

+ 0-4 

-12-8 

7-0 

8 


+ 7-3 

+ 1-9 

-3-4 

-3-0 

-2-6 

3-6 

9 

1-122 

-1-9 

+ 10-3 

-3-9 

+ 1-2 

— 5‘8 

4-6 

10 

1-076 

+0-2 

+9-2 

+ 1-4 

+3-0 

-13-7 

5-5 

11 

1-026 

+ 5-1 

+ 1-2 

—5-1 

+2-7 

-3-9 

‘ 3-6 

12 







13 


+2-8 

+2-0 

-8-0 

+ 2*2 

+ 1-2 

3-2 

14 

0-825 

+ 10-4 

-6-0 

+3-9 

-0-1 

-8-2 

O'V 

Average difference 

2-9 

4-8 

■ 

1-4 

4-9 



ratio possibly by influencing the length of range of reactions about 
the neutral point, thus making the reading of reactions difficult. 
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determination of antitoxin avidity 

The end-point accepted in these determinations was that halfway 
between the least amount of serum at which no reaction was obtained 
and the greatest amount at which a definite positive was shovm. 

It is possible that with a different end-point these discrepancies might 
not have appeared. It was found in practice that toxin B was not a 
good test toxin ; of the 14 sera tested 6 gave long-range results at 
the Lr/1000 level. Keactions produced by toxin E were diffuse and 
difficult to read. Of the antitoxins, serum 7 gave irregular results, 
the dilution index being 16-1 per cent, discrepant in one direction 
with toxin B and 12-8 per cent, discrepant in the other direction with 
toxin E : sera 9, 10 and 14 all gave one result which was more than 
10 per cent, from the average value. Inspection of the individual 
tests does not suggest any obvious explanation of these discrepancies, 
but it should be noted that 4 of these 5 values involved toxins B 
and E which were found in practice to be the least suitable test toxins 
for use at the Lr/IQQO level ; the average error in determination 
(table IV) was greatest for these two toxins. Table IV shows that 
there is a certain similarity in the behaviour of sera 7, 9 and 10. 
Against toxin B, the percentage differences from the average indices 
were respectively 16-1, lO-S, and 9-2, all these values being higher 
than the average. Against toxin E the figures were 12-8, 5-8 and 
13-7 per cent., below the average. This result seems to suggest 
differences in goodness of fit. With toxin D, the average deviation 
was very low, only 1-4 per cent., and all the values against this toxin 
were within 3 per cent. Eor general testing purposes a short-growth 
toxin of this kind is usually very satisfactory. 

AU 30 values for sera 1-5 and serum 12 were within 5 per cent., 
and 80 per cent, were within 2-5 per cent., the average being 1-7 per 
cent. This fact again suggests the influence of length of range of 
reactions, because in general a more clear-cut end-point is obtained 
in the titration of antitoxins of good avidity. 


Discussion 

It would appear, therefore, that very accurate estimations of 
dilution ratio can be made with a chosen toxin, and these ratios should 
be referred to a specially selected antitoxin as standard. The toxin 
used should be such that fairly clear-cut end-points are obtained 
with most sera at the Lr/1000 level. The antitoxin chosen as standard 
should not be very non-avid, because such sera tend to give long- 
range reactions and results may be influenced by the end-point 
accepted. 

The figure shows that there is a rough correlation between serum 
ratio and dilution ratio, but that sera 2 and 7 are definitely discrepant. 
Seram 7 was bled from a poorly-responding horse after 4 weeks’ 
immujusation. It has often been noticed at these laboratories that 
many horses produce antitoxin of high serum ratio in the firat few 
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weeks of immunisation, after wliich the ratio faHs to a constant value, 
usually about 1 -0. The results obtained with serum 7 suggest that a 
high ratio shown in the early stages of immunisation may not necessarily 
be connected with good avidity. Another but less striking example 
of the same phenomenon is to be seen in serum 4, wliicli was also 
taken earl}’’ in immunisation. Figures for tlie dilution ratio of this 
antitoxin arc lower than u'ould bo expected from consideration of 
the serum ratio. Serum 2, whose serum ratio of 4*29 was greatl}’’ in 
excess of that for anj' other serum, was abnormal. The behavdour 
of specimens from other bleedings of the same hoi-se as scrum 2 was 
described by Barr and Glenny (1938) ; one of these had a scrum ratio 
of 3T4, tlie other 5-OG, so that the ratio altered during later immunisa- 
tions. The flocculating properties of all samples of serum from this 



Sorum ratio 

Fig* Relation of serum ratio and average dilution index of tlio sera sliown in table R* 


horse were abnormal in that the value obtained varied according to 
whether toxins or toxoids were used in its determination. A constant 
in-vitro value was obtained when determined against 8 different 
batches of unmodified toxin, but variable values from 9 to 40 per cent, 
higher when 23 toxoids were used for the test. It was suggested by 
Barr and Glenny (1931) that all the antitoxin present in sera of high 
in-vivo/in-vitro ratio may not enter into the flocculation test ; the 
results obtained by them (1938) lent support to this suggestion and 
indicated that the proportion failing to flocculate in this particular 
serum was reduced when toxoids rather than toxins were used. B 
also appears probable, as they suggested from examination of 
ammonium sulphate fractions, that sera contain both non-flocculating 
and non-avid antitoxin, because the serum ratio of successive fractions 
showed a progressive decrease from 18-9 to 0-86. All sera, therefore. 
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and moTe espscially tliosc ■witli an abnorniallj’' liigti serum ratio, 
may contain, both, non-flocculating and non-avid antitoxin, the 
proportions of -which differ from one serum to another. The peculiar 
flocculating properties of serum 2 suggest the presence of a considerable 
amount of non-flocculating antitoxin, and also that the flocculation 
value of this serum as determined against toxins, though constant, 
is definitely misleading when considered from the standpoint of serum 
ratio and avidity. 

It is also possible that toxins are not homogeneous, and may 
consist of molecules possessing a range of affinities for antitoxin, 
further, the affinity of these for antitoxin may also vary according 
to the nature of the antitoxin. On the basis of such a supposition, 
goodness of fit would occur between a toxin and serum composed of 
components of ma-ximum mutual affinity present in optimum pro- 
portions. 

In general, sera -with a lo-w serum ratio have a low dilution ratio, 
and exceptions to the correlation only occur when the serum ratio is 
over about 2-0. 

Summary 

1. The dilution ratio of 14 sera was measured against each of 
5 toxins, prepared &om P.W. 8 and gravis strains of C. diphtherice 
gro-wn for 3, 4 and 10 days. 

2. The values of the ratio differed according to the toxin used : 
the more toxic the toxin, in terms of number of M.R.D. per Lr dose, 
the lower the dilution ratio. Against a short-gro-wth gravis toxin 
all sera appeared non-a-vid, and the average dilution ratio was 25 per 
cent, less when measured against this -toxin than when measured 
against a long-growth P.W. 8 toxin. 

3. The dilution ratios of most sera referred to that of a chosen 
standard serum (= 1-00 for each toxin used) remained constant -within 
the limits of error, whatever toxin was used. A few exceptions suggest 
that there may be variation in goodness of fit between certain toxins 
and antitoxins. 

4. One particular toxin gave values of the ratio for the 14 sera, 
all of wliich were -within 3 per cent, of the average ratios against the 
0 toxins. This was a 4-day-gro-wth preparation and such short-gro-wth 
toxins are usually very satisfactory for use in general testing. 

5. A rough correlation existed between serum ratio and dilution 
ratio. Exceptions were antitoxins whose serum ratio exceeded 2-0. 

3Iy thanlvS^ire due to Mr A. T. Gleany, F.R.S. for much help in the presenta- 
tion of results and to Dr F. V. Linggood for supplying the toxins used in these 
experiments. 
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LIPOIMATOUS PSEUDOHYPERTROPHY OF THE 
PAHCREAS WITH COIMPLETE ABSENCE OF 
EXOCRINE TISSUE 

AkDREAS H0YER 

From the Institute of Pathology, University of Oslo, Noru:ay 

(Plates XXIV-XXVI) 

BAntelmastk (1931) described a case of lipomatous pseudobypertrophy 
of the pancreas in a G-year-old boy "who died from Hodgkin’s disease 
vritb amyloidosis. Tbe • pancreas "was considerably enlarged but of 
normal shape. Mcroscopically it consisted of adipose tissue -with 
larger or smaller islets of Langerhans -which gave the appearance of 
being some-what compressed by the surrounding fat. Only small 
“ rests” of exocrine glands -were found, occupying an area 1*5 mm. in 
diameter. The patient had not presented any symptoms of diabetes 
or other signs indicative of pancreatic insufficiency. Hantelmann 
■was unable to find more than t-wo analogous cases in the literature. 

Rossle (1921) had pre-viously described similar changes in the pancreas of a 
12-year-old boy -who died of sepsis originating from ceUiilitis of the neck. 
Except for slight abdominal pain and some polydipsia and polyuria during the 
terminal phase of his illness there were no symptoms which could possibly 
have been due to pancreatic inmifiSciency. Urine obtained post mortem was 
free from sugar ; there was no information about tbe blood sugar or sugar in 
the urine when the patient was alive. 

Gross (1926, cited by Hantelmann) reported a case of sprue in a 19-months-old 
infant with severe wasting (wt. 3500 g.) but no glycosuria, who died of pneumonia. 
At autopsy, changes were found in the pancreas similar to those in the cases of 
Hantelmann and Rossle. 

The Index Medians up to the year 1946 refers only to the three cases 
mentioned. 


Case Report 

Clinical history 

The patient, a 9-months-old boy, was bom at full term on 11th May 1946. 
Tiro weight at birth was 3400 g., the length 48 cm. The family was healthv 
and the pregnancy had been vmeventful. The infant grew normally for the 
first 7 months of life and at six months weighed 6100 g. At seven months he 
contracted o conjunctu-itis and nasopharyngeal catarrh, which was treated 
with sulphathiaxole, 4-5 g. being administered over a period of 3 days no 
improvement resulted. An exanthema resembling urticaria developed* on the 
face, and medication was therefore discontinued. Three weeks later a 
J. wm. haci.— von xxi 03 
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prcdifitrician prescribed penicillin ointment nnd eggs nnd bananas were added 
to tbo diet. Within three days tlio infant had recovered completely. After 
this ho was lively nnd slept well but refused food. Ho lost weight nnd at 
9 months weighed only O.'iSO g. Stools wore pns.sod three times n day. They were 
soft and pulpy nnd had a fold odour, nnd the mother noticed globules of fat 
floating on the water in the chamber-pot. Hlood nnd mucus had not been 
observed. The patient was admitted to the p.s'dintric clinic. Riltsliospitalet, 
with the diagnosis “ dystrophin.” 

CUniml examination (0th Fobrunry 1947). The patient wnsn poorly nourished 
9-montiis-old boy with flabby, wrinkled biittoclcs. Ho was unable to sit upright 
and showed slight signs of rickets. Tompornturo 30-7'’ C., pulse ICO, respirations 
normal. Abdomen largo nnd distended, with a very prominent lunbilical , 
hernia. Liver nnd spleen just palpable. No abnormality discovered in chest, 
external genitals, rectum, cars, nose or urine. The throat showed a slight 
pharyngitis. 

Examination of the blood. A blood count on 7th Fobrunry .showed R.B.C. 
3-8 million, Hb. 90 per cent., white cells 5200 (lymphocyte.s 85 per cent.), 
thrombocytes 217,000. Later leucocyte counts on lOth Jfnrch nnd 10th April 
showed 6100 and 7000 respectively, svith lymphocytes 82 and 89 per cent. 
The blood sedimentation rate (Landau’s micro-method) was 11 mm. per hour 
on 7th February, 4 mm, on 10th March and 2 mm. on 10th April, Hb. values 
ranged from 110 to 78. Blood calcium values were 9'09, 9-49 and 10-79 mg. 
per 100 c.c. Prothrombin time 29 (22) and 29 (25) seconds. Sonim-iron 
132 gamma per 100 c.c, Wnsscrmnnn reaction negative. The blood-sugar 
curve, tested twice, was normal or possibly' slightly flattened. 

X-ray examination of the wxists at the time of admission revealed slight 
signs of rickets. One month later these signs had disappeared. X-ray examina- 
tion of the intestines disclosed a somewhat enlarged sigmoid but othenvise 
normal conditions. A chest roentgenogram was normal. 

During the child’s stay in hospital the stools apjieared greyish nnd fatty- 
and had a foul odour. They were passed 1-5, usually 2-3, times a day. The 
content of fat in the dried stools w-as 44-4 per cent. Microscopically there was 
an abundance of neutral fat and some fatty'-acid crystals. No iodophil starch 
granules were found. 

The condition was diagnosed ns coelinc disease nnd dietary treatment was 
instituted. From 28th Jlnrch amino acids (“ Aminosol ” 10 g. per day) were 
added to the diet and the weight gradually increased, so that on 8th May the 
infant weighed 6900 g. However, ho seemed loath to take his food nnd usually’ 
spat it out. On 10th Sfay-, just ns ho had taken some of his dinner, he suddenly 
collapsed, with cessation of respiration nnd cy-nnosis. TJio hy-popharynx nnd 
larynx were immediately aspirated and some food was brought up. Artificial 
respiration was instituted, together with administration of oxj’gen and 
stimulants, but without result. Tlio heart’s action continued for 16 minutes 
until death. 


Avtopsy 

Both glottis and larynx were obstructed by- remnants of food, 
extending 1-2 cm. dotvnwards into the trachea. The remainder of 
the trachea and the first 1-2 cm. of the main bronchi tvere free. Further 
down, both main bronchi and the lobar bronchi were again obstructed 
by food remnants. Both lungs were oedematous. The broncliial 
lymph nodes were soft and slightly enlarged. Liver, gall-bladder 
and biliary tracts weighed 220 g., spleen 28 g., adrenals 2 g. and 
kidneys 44 g. All these organs appeared to be normal. In the distal 
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part of the ileum there was moderate enlargement of the Peyer’s 
patches, and in the crecum and transverse colon numerous enlarged 
IjTiiph follicles were found. The rest of the intestinal tract and the 
stomach were normal. The mesenteric hunph nodes were considerably 
enlarged and partly arranged in groups. They seemed to be firmer 
than normal. Pelvic organs and brain (SOO g.) and meninges normal. 

The pancreas (21 g.) was enlarged, 7 g. being considered normal 
for this age (ROssle and Roulet, 1932). Its shape was normal and 
it felt firm. The cut surface was pale, with poorly defined lobulation. 


Microscopic examination 

There is slight fatty change in the liver, which is otherwise normal. 
The lung alveoli contain much fluid. There is a considerable increase 
of the lymphoid tissue of the ascending colon. The mesenteric lymph 
nodes are cedematous but otherwise normal. The spleen, kidneys, 
adrenals, thymus, heart, thyroid and stomach are normal. 

Pancreas. Sections from the head, two different parts of the body, 
and the tail of the pancreas show identical pictures. The organ is 
covered by a thin fibrous capsule from which fine fibrous septa extend 
into the underlying tissue. Scattered areas of young smaU-ceUed 
fatty (adipose) tissue are seen external to this capsule (fig. 1). Inside 
it there is found a highly differentiated mature adipose tissue divided 
into lobules by fine fibrous strands and containing sparsely scattered, 
more or less complete islets of Langerhans (figs. 2 and 3). These islets 
are partly discrete, partly arranged in conglomerates. Most of them 
do not show the usual compact structure. The cells are smaller, 
slightly shrunken and dense, probably because of post-mortem changes 
and the technique employed. Some of the islets are small and atrophied 
and contain hyaline masses which present a deep red border zone 
and a pale discoloured central area when stained with eosin. In 
some places large numbers of nuclei occupy the periphery of these 
masses (fig. 4), so that the whole picture resembles that of large giant 
cells. The number of islets is apparently normal or slightly reduced. 
The cytoplasm of the islet cells contains granules which stain orange 
to red by Mallory’s stain. Alpha and beta cells cannot be clearly 
differentiated (44 hours post mortem). The exocrine glandular tissue 
is completely replaced by the fatty tissue. The persisting coimective 
tissue contains ducts which correspond to the large excretory ducts 
of the normal pancreas (fig. 5). No Laguesse-Bensley ducts can be 
distinguished with the mucicarmine stain. The connective tissue 
also contains Pacinian bodies and small nerves. The impression given 
is thus of adipose tissue ndth remnants of excretory ducts, total 
absence of acinar tissue and probably a normal or somewhat reduced 
number of persisting islets. 

These pancreatic changes correspond closely with those of the 
three previously reported cases, especially that of Gross. He too 
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discovered these eiianges in a small child with Byinptoms of cccliac 
disease. 

Because of the increase in weight and size of the pancreas 
Hantelmann suggested that the eondition be knovm as lipomatous 
psoudohjT^ertrophj" of the pancreas. 

Discussion 

The ffitiology of the disease is unknown. The age incidence and 
the complete or almost complete absence of acini but persistence of 
the islets of Langerhans suggest that the condition is duo to a congenital 
aplasia of the exocrine portion of the gland. It vill bo recalled that 
the pancreas arises from two separate priraordia, a smaller ventral 
and a larger dorsal, both appearing in the 4th week of fcetal life (the 
3-mm. stage) as two diverticula of the duodenal endoderm. The 
dorsal primordium appears at a somewhat earlier stage and grows 
more rapidly than the ventral and gives rise to the body and tail. 
The head and a small part of the bod}' are formed from the ventral 
primordium. The two primordia fuse in the Gth week of foetal life 
(the 12-mm. stage). The endodcrmal pancreatic diverticula increase 
in length and extend in the meseneln'raal tissue. From the end of 
these sacs there is an outgrowth of epithelial sprouts wliich become 
canalised to form the excretorj' ducts. The acini are formed by 
further epithelial sprouts from these ducts. The islets are formed in 
a similar way, but in the 3rd foetal month they become separated from 
the ducts to form isolated groups of cells in which secretion granules 
can be recognised. Occasionally the connecting ducts between the 
islets and the ducts themselves may persist as the Laguesse-Bensley 
ducts (Torgersen, 1948). Proteolytic pancreatic enzymes are produced 
by the acini from the 6th foetal montli (Hamilton et al., 1945). 

lYom an embryological point of view it is quite possible for aplasia 
of the exocrine apparatus or of the islets to occur as a result of lack 
of differentiation during the sprouting stage. 

Complete absence of the pancreas is seen only in connection with 
extreme malformations of the foetus (Kaufmann, 1931). Defective 
development of the dorsal pancreatic primordium wdll result in a 
pancreas which merely consists of the head, with or wdthout a short 
tail, as described by Kriss (1927), who, besides two cases of his own, 
found four others reported. In these cases the distribution of the 
acini and islets and the histological picture generally were normal. 
Three of the patients had diabetes. Congenital complete absence 
of islets has also been reported (Moore, 1944 ; Lasowski, cited by 
Hantelmann). Lack of differentiation during the stage of sprouting 
is thus shown to occur. Congenital absence of acini, though so far 
not described, might explain lipomatous pseudohypertrophy. This 
theory is supported by the fact that the condition occurs in infants 
and children and that the lack of acini is complete or almost complete. 
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Fig. 1. — The lipomatous tissue tvliich replaces the pancreas consists of large “ matiuB ” 
cells. It contrasts sharply -n-ith the smaller-celled embryonal fatty tissue, from 
which it is separated by the capsule of the pancreas. Hrematoxj-lin and eosin. 
X60. 



Vto. 2. -I'.roup^ of Klpts of bnnccrhnns are irregularly =enttored throiichout the fatty 
lis.-'iie. Xote complete nb-:ence of acini, x I.l. 
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Fig 3. — An aggregation of islets of Langerhans is shown stirrouncled by large celled 
fatty tissue. To the right is seen one of the ducts of the pancreas surrounded 
bj a zone of densely collagenous connective tissue. Bielschowsky’s silver stain. 
X 100. 



1 11. 4 \ croup of t., of Lancorhin.. i... i-hoUTi, of \thifh one of tli" I'let^ presents 

ill ci'uor.il i\ 1' 1 h incO' iiiiil font.un.. ii hjaiine m surrounded b\ .i r.nc of nueloi. 
the uholi sirmilatinc 11 c' uu 11 !!- BieNchownkj 's «d\ er stain. irill. 
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Against tte theory are the facts that the organ is of normal shape and 
chat its weight is above normal, whereas with congenital absence of 
islets the weight is reduced. 

There are also examples of partial lipomatosis of the pancreas 
with partial reduction in the number of acini. This condition usually 
occurs in elderly individuals and is frequently associated with diabetes 
and general obesity. Hantelmann has collected 9 such cases from 
the literature, and othem have been reported by Bald (1929). The 
fact that the present case gave rise to no symptoms rmtil the infant 
was 7 months old does not necessarily indicate that the disease was 
acquired, since symptoms of pancreatic insufficiency may well be 
missing, as in the cases reported by Hantelmann and Rdssle. 

Assuming that the disease is acquired, the condition may be 
explained in one or other of the following ways. 

1. By occlusion of the excretory ducts. If these ducts be ligated 
or obstructed there is rapid disintegration of the acini whereas the 
islets are unaffected. A mechanism like this may possibly be involved 
in fibrocystic disease of the pancreas, a condition in which there is 
atrophy of the lining epithelium of the ducts, which are dilated and 
filled with dehydrated secretion. The acini are more or less atrophic 
whereas the islets remain tmaffected. There is a definite increase of 
the interlobar and interacinar coimective tissue, which is often 
infiltrated with leukocytes. On the other hand no fatty metamorphosis 
is seen. In the present case, no obstruction of the excretory ducts 
could be demonstrated, but systematic examination by means of 
serial sections of the whole pancreas was not carried out. 

2. By iniury to the parenchyma caused by infection or toxico- 
allergic agents resffiting in an adipose metamorphosis. Supporting 
this view is Rossle’s case, which showed small nests of acinar tissue 
with signs of disintegration and the accumulation of various types of 
lymphoid round-cells, as well as slight signs of regeneration in the 
form of mitotic figures in the acinar cells and slight sprouting. 
Apolant (1913), too, has recorded lipomatosis with almost complete 
disappearance of the exocrine glandular parenchyma in three mice 
which were used for chemo-therapeutic experiments. Various remedies 
were used, but their nature is not stated. In the case here reported 
sulphathiazole medication had been used, as a result of which an 
urticaria developed, and the onset of the disease can be dated from, 
this time. 

Escape of the islets may have resulted &om their being more 
resistant than the acini. Examples of this can be found in the literature, 
c-g. m fibrocystic disease of the pancreas. Further, iu congenital 
sypMtic fibrosis of the pancreas the glandular parenchyma is poorly 
developed, whereas the islets are normal and may even be more 
, numerous than usual. In carcinoma of the pancreas, too, the islets 
^ well preserved (Bakken, 1947 ; personal communication). 
Hantelmann thinks that the condition is probably acquired and 

3 . Till!. EiCI,— ^0K 1X1 „ 
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I'u.. ,T,— One lurpp nnd «e\cnil sinivll pancrciit ir ducts im- sliowii embedded m inter, 
lobular conncctuo tissue. Islets of Lntmerbatis an' seen at the iMTipbcry. ^ a>i 
Gie=on. XlOj. 



Fio. 6. — ^T-n o different parts of the pancreas 
from case 2. In the midst of the fatty 
tissue pancreatic ducts and small “ rests ” 
of pancreatic parenchj-ma are seen. 
Haimatoxj'lin and eosm. x 2. 


Fig. 1 . — A “ rest ” of pancreatic parenchyma 
IS shoim, contammg a single islet of 
Langerhans, the ivhole surrounded by fatty 
tissue, m rrhich there is slight focal infiltra- 
tion by IjTnphocjdes, plasma cells and myelo- 
blasts (case 2). Hiematosj’lin and eosin. 
X60. 
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caused by chronic infection of toxic agents of unknown origin. Most 
lilcelj' this applies to the ca.se now reported. The possibility of a 
toxico-allorgic reaction cairsed by the sulphathiazole cannot be 
excluded, but neither can congenital apla.sia of the exocrine apparatus. 

A case recently observ'cd at the Institute of Pathology of the 
Rikshospitalet, Oslo, is of great interest in this connection. 

A woman GO years old, who Im<l previously been in good hcfllth, died after 
having lind sjnnptom.s of inyologenoii.s letiktrinin for four years. She liad been 
treated with iron, nr.scnicnls and hydrochloric acid, and had nl.=o had several 
blood trnn.sfusions and inject ion.s of liver o.xtrnct.s. 

The autopsy, performed G hours /jo.st niortrm, rovcnlod n pancron-s of normal 
shape and 70 g. weight, the average in the adult being liS-GS g. (R6«3lo and 
Roulet). She had had no symptoms which might suggest pancreatic in.sufficicncy 
and there had been no evidence of dinbete.s. The gro«s appearance on section 
was of fatty tissue in which small rests of pancreatic jiarenchyma could be 
demonstrated (fig. 0). Micro.scopicnlly n liighly differentiated mature odipose 
tissue is scon in which are scattered small irregular arca.s consisting of normal- 
looking i.slets of Lnngorlmns surrounded by acinar t issue showing .sign.s of atrophy 
and degeneration, especially at the periphery. In some places isolated i.=lets 
of Langorhnns are surrounded by fatty tisane. In the connective as well as 
the adipose tissue there is infiltration by lymjdiocytcs, plastna colls and myelo- 
blasts, partly dilTu.so, partly focal. Around the Isolated islets the focol arrange- 
ment is pronounced. The conncctivo tis.sue also contains o.vcrotor}’ ducts of 
normal apponrnneo with empty hiininn (fig. 7). 'J'lio liver weighed 1720 g. ond 
is normal inicrosoopicallj'. 

This case represents a lipomatosis of the pancreas with incomplete 
disappearance of the exocrine tissue but with tvell-preserved islets of 
Langerhans. The tveight of the organ i.s somewhat above the average 
but within the normal range. It cannot therefore be called pseudo- 
llype^t^opllJ^ The age of the patient also differs from that in the 
other cases of this lesion and the pathological findings are those of 
the partial lipomatosis described by Hantelmann. On the other hand 
the veTy considerable loss of acinar tissue is striking. Assuming) 
therefore, that the picture indicates a process still continuing, the 
case might be regarded as one of early liporaatous pseudohypertrophy, 
with the possibility of a further increase in weight, resulting in further 
destruction of the acmi and a progressive adipose metamorphosis. 
The lymphocytes and plasma cells may have appeared in the course 
of an infectious or allergic condition, or may be secondary invaders 
following the general atrophy of the exocrine apparatus. 

Symptomatology 

Cessation of the exocrine function of tlie pancreas may give rise to cccliac 
disease, cbaracterised by an insidious onset and wasting, especially of tbe 
buttocks, groins and axillary folds and least of the face.’ The abdomen is 
distended. The stools are voluminous, soft and pul 253 ’' ; they are of a lighl’ 
colour and have a foul odour. There is a flattened blood-sugar curve and the 
absorption of fat is impaired. There is abnormal bowel mobility, and X-ray 
examination shows clotting of the barium contrast in the small intestine 
(Mitchell and Nelson, 1946). In some cases none of these sjunpioms appear, even 
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j'j,. 5 — One liirRO and somt.iI ‘•mall pinpnatio ilnrt'< an' -liown I'liilx dil< il in mt< r- 
lobular connpcli\o tv‘=^no I'-lot'' of t. vnc< rlinn‘> am ••"• n at llm jioriplifrj. \ an 
Gio^on. y lOj. 



Fig G — Ti\ O different parts of the pancreas Fig 7. — A. “ rest ” of pancreatic parenchyma 

from case 2 In the midst of the fatty is shown, contammg a smgle islet of 

tissue pancreatic ducts and small “ rests ” Langerhans, the whole Surroimded by fatty 

of pancreatic parenchyma are seen. tissue, in which there is shght focal mfiltra- 

Haimatojcj lin and cosin. x 2. tion by Ijnnphocjtes, plasma cells and myelo- 

blasts (case 2). Hmmatoxjlm and eosm. 

X60. 
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where iniero~copic<il ccftminnlinn of the pnneron*? hIiowh tlml no exi'^rnnl 
'accretion WO'^ }'>o<.''\hlo (Hfititehtirxnn, 1991 i illnekftm rvntl Moy, 199&). In Iho 
new-boni, occhi«ion of the pnnercntir ilnet mny emne ilehydnUinn of the 
meconium, recuUinp in ft mcchnnienl itenx (Konihhtli nntl Otnni, 1929). 

Diar/noitt ^ 

Tlie condition doe^ not nU\fty« produce cymptomo, n*’ in the en'-o'^ ro)>ortcd 
by Hnntchnnnn nnd by On the other hnnd it twiv produce wmptoms 

of ccehne di«ea®e, ft"’ in the present cft^e nnd fhnt reported by GroNS. In order 
to determine whether n cft=c i*: one of ccclinc tliceiv'-o, which i"’ of a benipn nature 
and vi«unlly folloxred by complete rccovciy, or nhethcr there i", a more pravo 
impainnent of the c-coenne pancreatic function, it )■’ neccnsary to examine the 
duodenal fluid for pancreatic enryme"*. In the n‘:»inl “ benipn ” cceliac di=cn=o 
these cnzjTne? appear in normal amounts, but are mis«inp m fibrocystic disca=0 
of the pancreas nnd presumably nbo in the lesion here described. Such an 
examination has not been carried out in any of the four cases «o far reported. 

Thrrnpy. Tlio condition is treatexl as one of rreliac disease if nnd when the 
proper sj-mptoms arc present. 

Prognoiis. 'Nolhinc definite is known on this point. The fact that two 
of the cases were 9 nnd 12 years old respectively, nnd ftl=o that there was chnicftl 
improvement nnd increase in weight in the present mstnnee during the terminal 
phase may indicate that the prognosis is not invariably unfavourable. 


StrMMARY 

A male infant, bom at full term of healthy parents, developed 
symptoms of coeliac disease and refused to take food following a 
catarrhal infection at the age of 7 months. Prior to this the child 
thrived well and gained weight uniformly. Improvement followed 
dietetic treatment and Aminosol medication. At the age of one 3’ear 
the child died from suffocation while being fed. Autopsj’’ revealed 
enlargement of the pancreas, which was three times the normal 
weight for the age. The pancreas, which was normal in shape, was 
composed of highly differentiated mature adipose tissue containing 
weU-preserved islets of Langerhans in normal or slightly reduced 
numbers. Remnants of excretory ducts could be seen, but there was 
complete absence of exocrine tissue. No Laguesse-Benslej' duets 
could be found. Apart from slight fatty degeneration of the liver, 
the autopsy revealed only the changes in the respiratoiy organs 
ca,used by suffocation. The changes in the pancreas are identical 
with those seen in lipomatous pseudohypertrophy of this organ, a 
rare condition described by Hantelmann in 1931. The present case 
is the fourth on record. The aetiology is unknown, but the disease 
IS most probably acquired and not congenital, the result of injury 
to the pancreatic parenchyma by infection or toxico-ahergic agents, 
leading to acmar atrophy and adipose metamorphosis. In the present 
case sulphathiazole may possibly have been the causative agent. 
The condition ruay progress without symptoms, or it may produce 
symptoms ot coeliac disease. 

A case presenting partial lipomatosis of the pancreas, possibly an 
early stage ot the same lesion, is briefly referred to. 
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THE EFFECT OF TRAU^L\ ON THE PENTOSE 
CONTENT OF THE PLASMA IN ANDLVLS 


H. N. Greex, H. B. Stoker nnd M, Bieeschowsky 

From (he Department of Patholooij, The Untversilij of Sheffield 

The demonstration that the shock-inducing action of muscle extracts 
is due to adenosine triphosphate (Green, 1943 ; Bielschowskj* and 
Green, 1943) raised the possibility that this nucleotide or its metabolic 
products might be concerned in that general response of the body to 
injury commonly spoken of as traumatic shock. Several attempts 
have been made to investigate this possibility, one of vhich was the 
study of the effects of trauma on the distribution of nucleotides in 
the body, iilany experiments have now been performed to determine 
the effects of various forms of injury on the distribution of these 
compounds in the blood stream. Unfortunately nucleotides such as 
adenosine triphosphate (ATP) cannot be estimated directly and 
alterations in the distribution of nucleotide must be assessed from 
the variations in the concentration of the different fractions of the 
molecule, i.e. from determinations of phosphate, adenosine and pentose. 

In common with others (Beall et al., 1941 ; Blalock and Duncan, 
1942 ; Duncan, 1943 ; Jlylon and Wintemitz, 1945, 1946 ; MeShan 
el ah, 1945 ; Darmady, 1946-47) we have found that trauma leads to 
an increase in the inorganic phosphate level in the blood of both man 
(Green el al., 1949) and animals (Stoner and Green, 1944). There 
are many possible sources of this excess inorganic phosphate and, as 
it is only an end product of nucleotide catabolism, these results give 
only very indirect evidence of a disturbance in nucleotide metabolism. 
Attempts to determine the blood level of the acid labile “ 7 min.” 
phosphorus, which should give more direct information, have led 
to difficulties both in technique and in interpretation. The results 
obtained were not very satisfactory (Stoner and Green, 1944) although 
in some rabbits trauma appeared to raise the “ 7 min.” P content 
of the blood. 

More satisfactory evidence was obtained from determinations of 
the adenosine equivalent. In the rabbit as in man, various forms of 
injury are accompanied by statistically significant increases in the 
adenosine equivalent of whole blood (Stoner and Green, 1944, 1945® 
and b, 1948). 

A serious experimental difficulty arises from the rapidity with which 
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extracellukr miclootidc is decomposed by dephosphor3dntion and 
deamination to a stage at which it can no longer bo detected by 
determinations of the 7 min.” P and the adenosine equivalent. This 
process is slower in the rabbit (Ostern and Mann, 1933 ) and in man 
an 1 IS onlj'^ in these species that alterations in the adenosine 
equiva eiit lave been detected after injurj' or limb ischaemia or, in 

f Am? after the intramuscular injection of fatal doses 

01 All . This difficulty directed our attention to a lower and more 
s a e meta olite of ATP, namely the pentose, d-ribose. It was 
lope j studjing the effect of trauma on the plasma levels of this 
compoun to confirm chemically the conclusions reached from the 
assay's and to extend our knowledge of the 
e ec s o trauma in the rat, where no changes in the adenosine 
eqim a ent could be detected. This object has been achieved and our 
^ ^ the effect of injury on the plasma-pentose level provide 

u ler eyi ence in support of the view that trauma is associated with 
an alteration in the nucleotide distribution of the body. 

JlnrnoDS 

andJ^thn produced in tJio rnt by n metnt damp (Green, 1913) 

the occlusion xi-nq ^ ^^J'^rntors and Popjolc (1042). In both eases 

the rat was nrod ether anrosthesia. Direct muscle trauma in 

a 20?L t tu /; of rat with 

the deoilatcd hind ''‘^agh <5 cm. Scalds were produced by immersion of 
BlLd inles in water at 70“ C. for 16 sec. 

and anrestliesia -n- ° T t>y cardiac puncture and the cfTocfa of sampling 

r^ed^ZantLZT, <=«°trol series of animals. Heparin was 

was determined f * pentose, both total and pliosphon’lnted, 

SchotZ ntit. Of Hojbaum’s (1039) method (Green, 

18 hr. before use •). All the nuimals wore starved for 

ATP was iniected ns from contact -witJi sawdust for the same period. 

All' was injected as the Mg salt prepared from BaATP (Boots). 


Results 

Control series 


that^^undp?l!f obtained in the control series (tables I and II) show 

P«««ture and short 

of either the tnfnl ^ offset on the plasma concentration 

of either the total pentose or its phosphoiylated fraction (pentose P). 


Effect of the injection of adenosine triphosphate 



* This report, to the Medical Research r*niiTi/»i] i. u • 

National Institute for xAIedical Research. aLSd. RonXnf ^ 
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TJfAUMA AND rnSTOSn COKTnST or PLASMA 

TAUtr. I 

EJfccl of cardiac pxmcturr on the in'.al plasma prntr>*r oj thr rat. PniA bUd by 
cardiac pundurc under ether anere'hesia. Second cardiac ptmeturr 0 hours 
ajter jirs! 



Tnu! (ms p^r 100 ml ) 

1 

Hal no 

At 0 hr. 

At C hr. 1 

1 

47 

5-32 

5-20 • 1 

4S 

5-41 

5-21 1 

40 

5-44* 

5-41 * 1 

50 

r.-io t 

5-00 t 

51 

5 05 

5-20 • 


• Sllchl iLTtnolj-ds (flint pink), 
t BamolrilJ (pink). 


Tabbe n 


EJfed of repeated blood sampling by cardiac puncture on the plasma 
pentose of the rabbit. Each blood sample 4 ml. 



Pento^ let cl of plasma (mg. per lOO ml ) 

Kabblt no 

AtOhr. 

At 41 hr. 

At 5 

Ihr, 

At r.l hr. 

1 

Total 

m 

Total 

P 

Total 

V 

Total 

p 

28 

4-83 

3-63 

4-76 

3-43 

4-81 

3-45 



29 

4-24 

2-34 

4-20 

2-34 

4-24 

2-35 

• •• 

••• 

30 

4-65 

2-36 


... 

4-05 

2-35 

4-61 

2-34 

33* 

3-92 

2-38 

3-69 

1-99 

3-74 

1-98 

• •• 


34 » 

3-8T 

1-87 

3-77 

1-92 

3-87 

2-09 

... 


35* 

3-51 

2-19 

... 

... 

3-45 

2 '22 

3-33 

2-22 


* These animals -were given a short light ether amrthesla after the Ilrst specimen had been vrithdravra. 


P = phosphorylated fraction. 

Table HI 

Effect of intramuscular infection of 50 mg. MgATP per 100 g. 
body wt. on the plasma pentose of the rat 


B^t no 

Total plasma pentose (mg per 100 ml ) 

Before Injection 

1 hr. aflcT Jnjection 

52 

4-76* 

7-Ut 

53 

5-41 


54 

5-49 

8-48* 

o5 

5-35 

8-34* 

56 

5-41 

7-68 * 

57 

5-82 

7-88 

58 

5-78 

6-26 t 


• Slight hannolyals (faint pink), 
t Haemolysis (pink). 
































104 H. N. OBEEN, il. B. STONEIi AND M. BIELSCHOWSKY 


a fatal dose of MgATP (50 ing. per 100 g. body wt. I.M.) gave a striking 
and significant increase (P = O-Ol) in tlie total pentose content of 
the plasma examined 1 hr. after the injection (table III). In the 
rabbit also the intramuscular injection of fatal doses of ' MgATP 
(COO mg. per kg. body wt.) gave increases in the plasma-pentose level 
of the same order as those vhich occurred in the rat. Since alterations 
in plasma-pentose concentration can bo detected after fatal doses 
of ATP in both the rat and the rabbit, the method ■would appear to 
be suitable for investigating disturbances in nucleotide metabolism. 


Effect of limb ischcemia 

The effect of a 3-4-hr. period of bilateral hind-limb ischremia on 
the plasma-pentose concentration in the rabbit is shown in table IV. 


TADLn R’ 

Effect of iacheemia of both hind limba on the ptasma pentose 
of the rabbit 







I’la'tma pt-iittKo (mir. Iwr 100 ml.) 


') 

1 

Kabbit 

IVrlcxl of 
liclitcrnia 
(br.) 


1 

Jii-il lii'fiirc 
n4aa-(' of 
totimlqiliK 


Afiar n-li a«(' oftoumlqiict* 


no. 

iruuai 

At 0 

5 hr. 

At 10 br. 


5 br. 



Total 

r 

Total 

B 

Total 

P 

Total 

D 

Total 

F 

71 

3 


2-27 

M 

m 






8-02* 

li 

3 

0-21 

3-79 


4-03 t 

. . . 

... 


... 


95 

3i 

4-37, 

1 'IT} 

... 


... 

m 

6-41 


... 

90 

3} 

4-61 

2-11 


... 

6 09 





59 

4 

C‘55 

4-35 

7 -bo 

3-47 

8-00 






GO 

4 

5 -.52 

3-25 



6-85 

4'77 




8-62* 

75 

4 


2-45 




... 


... 

11-llj 

76 

4 

4-70 

2-43 







5-05 

3-09 

77 

4 

5-18 

313 







9-43 

5-90 

78 

4 

6-45 

3-85 







9-26 

5-62 1 

79 

4 

4-85 




11-62 

8-77 






4 

5-88 




9-52 

4-81 


... 

... 


81 

4 

5-85 

2-57 



10-30 

5-75 


... 

... 

... 

86 

4 

4-79 

2-78 



... 

... 

4-72 

2-79 

... 


121 

4 

6'13 

413 




... 

5-41 

4-59 

... 


122 

4 

5 -.34 




... 

... 


4-90 

... 



* SllgJit htrmolysis (faint plnlc). 
t IIccmoly?Is (pink). 


P =5 phospliorylntod fraction. 

These results are very different from those obtained in the controls 
(table n), for in all except 2 of the 16 animals this form of trauma 
led to an increase in the level of both the total pentose and its phos- 
phorylated fraction (pentose P). Prom a statistical point of vie-sv 
the increases in both fractions are liighly significant (P = 0-01) if all 
the values obtained after the release of the -tourniquets are considered 
together. 
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Tlio cfTcct of uniktornl hind-limb inchajmia on the pk-sma-pentoso 
levels in tiic rabbit was also studied (table V). In these experiments 

IVnaK V 


Ejfccl of isclirrima of oiir hind limb of (he rabbit oti (he 
flasma pntlo’)i: in (he blood drainitig from that limb 
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Effect of direct imtsde travma 

Direct muscle trauma in the rat also increased the total pentose 
concentration of the plasma (table VH), The increase u'hich occurred 
under these conditions was not quite ns great ns that produced by 

Taku: 

Effect of bilateral limb ischtrniia on the plasma-pentouc fraction of the rat. Eats 
bled by cardiac ptiiicture under ether. Period of ischennia 4 hours 


Tot.lI ix f 100 ml.) 

Knt no. t 

1 fou* t'oliTmU 

! 

2 l»r. of 

OCflU-lOM 

42 ; 

!l-.52 • 

43 1 .I -82 

7-09 * 

44 1 r.-ss 

8-.33 

45 ' C-25 

8-77 * 

40 ' r.-i;} • 

. 

8-85 


■ Sllphl h;rinoIy‘'Is (faint Jilnk). 


T.vble ATI 

Effect of direct muscle trauma on the plasma pentose of the rat. 
Rats bled by cardiac puncture under ether 


1 

1 

j lUt no. 

{ 

Tolal pltt.m.n jwnto'c (rok. Kr 300 ml.) 

Deforc Iroimia 

} Iir. nacr trauma 

i 

1 09 

r,.AS * 

7-35 • 

i 

5-32 • 

5-78 • 

1 71 

.5-20 

7-04 

72 

4 -OS 

0-41 t 


• SllKlit Iraraolysls (fnlnt pink), 
t Utcinolyfls (pink). 


limb iscluemia, being significant only nt P = 0-05, but it still presented 
a marked contrast to the changes in the control rats, where the only 
trauma •was cardiac puncture (table I), 

Effect of thermal trauma 

The changes in the plasma-pentose concentration in rats subjected 
to scalding were similar to those which occurred after direct muscle 
trauma, but the presence of gross hremolysis in the plasma samples 
made interpretation difScult {vide infra). 

Discussion 

These results sho'w that tissue injury of ■various types is accompanied 
by a big increase in the pentose concentration of the plasma of about 
the same degree in both the rat and the rabbit. As in the case of the 








TliAVMA AND rnSTOSn COKTHKT OF PLASMA 


adeno'=ino equivalent (Stoner and Green, 194S) thc^c changes arc of 
a similar order to those produced by fatal doses of ATP . 

The chemical significance of the results obtained by our method 
has been dealt ndth in a report to the Medical Kcscarch Council 
(sec footnote to p. 102). Por present purposes it may be said that 
the total pentose values represent all the pentose present in the 
plasma, cither as free pentose or combined ns ribose phosphate, 
nucleoside or nucleotide. The pentose P fraction represents that 
portion of the total pentose -n-hich is linked to one or more phosphate 
groups, e.g. ribose phosphate and the pentose present in nucleotides. 
Changes in this latter fraction, the estimation of which i.s much less 
affected by the presence of substances such as glucose, are much more 
significant from our point of \iew. It is interesting, therefore, to 
observe that not only are both fractions concerned in the increase 
after trauma but that the increase in total pentose seems to be largely 
due to a change in the phosphorjdated fraction. 

The main difficulty in assessing the biological significance of these 
results is in determining the part played bj' hremoh'sis in the production 
of the increase in the plasma-pentose level after trauma. The red 
cells contain much more pentose than the plasma and in e.vperiments 
on the blood after trauma h?emolysis is difficult to eliminate, no 
matter how careful one’s technique, since all forms of large-scale 
tissue injury render the red cells more fragile (Knisely et ah, 1945 ; 
Ricca et al., 1945). This is especially true in the rat, particularly 
after scalding. In the rabbit there appears to be less tendency for 
hfflmolysis to occur after injury', so that the results in this species are 
more reliable. As far as possible we have excluded the rather numerous 


experiments in which gross haemolysis occurred. In an attempt to 
see how far the observed increases could be accounted for by haemolysis 
we have indicated in the various tables the incidence and degree of 
haemolysis in the plasma specimens. When the figures shown for the 
rabbit experiments are studied from this point of view it is obvious 
that there is no close correlation between the degree of haemolysis and 
the increase in the plasma pentose, and that in the majority of experi- 
ments the changes cannot be accoimted for in this way. The position 
with regard to the rat figures is less clear, since haemolysis occurred 
more frequently in these experiments. In most of the experiments 
recorded here in which haemolysis occurred, its degree was only slight 
and there are sufficient experiments without haemolysis to suggest 
that at least it is not a major factor in the production of the increase 
in plasma pentose. A probable exception to this was the result 
obtained in the rat after scalding, where haemolysis was so gross as 
to make it impossible to be certain that it did not play a major part 
m the effect, ^nsequently, although we cannot exclude the erythro- 
as a possible source of the excess pentose, we do not consider 
that it IS the major source after most forms of trauma. MeShan et al. 
have also reported an increase in the plasma pentose of the rat after 
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traiimn (Noble-Collip clnim and limb iscliremia), but although they 
considered the possibility of hypcrglycajmia interfering in their 
estimations they did not take into nccount tlie more important factor 
of haemolysis and consequently their residts arc difficult to evaluate. 
Hyperglycaemia does occur after trauma of the types used here, 
but alterations in the gluco.se content of the plasma of the order 
seen have been shown not to be a major source of error in the estima- 
tions of plasma pentose by' the method used in this laboratory'. 

The main significance of tliese observations on the effect of trauma 
on the plasma-pentose level is that they' confirm by' a chemical method 
the results of the adenosine cquix'alent determinations which are 
dependent upon a biological assay'. The agreement is only' qualitative ; 
close quantitative agreement between two such dissimilar methods 
was hardly' to be expected, but the qualitative similarity’ is close. 
The times of occurrence of the increase in the two fractions are similar, 
as are also the magnitudes of the increases. In both cases limb 
ischaemia causes a greater change in the blood level than direct muscle 
trauma. In both cases tlie average percentage change in the blood 
level is of the same order. When all the data available to us are 
considered, both from our own work and from that of others (Billings 
and Maegraith, 1938; Cullumbine, 1947; Kalckar and Loim', 1947), 
it would seem to bo bey'ond reasonable doubt that trauma is accom- 
panied by' an increase in nucleotide metabolites in the blood stream. 

Of themselves, the plasma-pentose results do not give much 
indication of the form in which these metabolites exist, but when 
these data, especially' those relating to the change in the pentose P 
fraction, are considered in conjunction with what we know of the 
behaviour of the adenosine equivalent under these conditions, it 
would seem that a fair proportion of the increase is accounted for 
by nucleotide, at least of the lower ty'pes such as muscle adeny'lic 
acid. Whether these substances play any' part in the development 
of the picture of traumatic shock is another question to which no 
conclusive answer can yet be given. 

SUMaiABY 

The effect of various lethal forms of trauma on the plasma-pentose 
levels have been investigated in the rabbit and rat. 

In the rabbit, limb ischaemia is followed by an increase in the 
concentration of both the total pentose and its phosphorylated 
fraction. A similar increase occurs in the rat after limb ischaemia, 
direct muscle trauma and scalds. 

These changes, which are of the same order as those produced 
by the intramuscular injection of fatal doses of adenosine triphosphate, 
cannot be accounted for by' the method of blood sampling or anaesthesia. 

Trauma is usually accompanied by increased fragility of the red 
cells and the possibility that the excess pentose is derived from this 
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cell following hremolysis is considered in the discussion. It is concluded 
that, with the possible exception of the changc.s after scalding in 
the rat, the red cells are not the main source of the excess pentose. 
Some evidence in favour of the n\nin source being the damaged tissue 
is presented. 

The relationship of these results to other of our findings is discussed 
and it is concluded that trauma is accompanied by an increase in the 
concentration of nucleotide metabolites in the blood stream. 

The expenses of this work were defrayed by titc ^Medical Research Council, 
one of us (H. B. S.) being also in receipt of a wholo-timo and another (M. B.) 
of a part-time personal grant from this source. 
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616 — 005 . 4 : 612 — 126 

THE EFFECrr OF LIMB ISCH-HMIA ON THE 
MAGNESIUM CONTENT OF PLASMA 


H. B. Stoker and H. N. Greek 
Frorn Ihe Dcparimoit of Pathology, University of Sheffield 

We have pre-viously shown (Green and Stoner, 19-14) that the administration 
of sub-anrcsthetic doses of MgSOj to nnimaLs increases their sencitmty to 
various forms of tissue injurj-. Tlie period of limb L=cha3mia required for a 
fatal issue is greatly reduced in the Mg-trcatcd animal. Such an effect is 
obtained with all the usual laboratory methods for inducing shock, including 
the administration of adenosine triphosphate. K the degree of trauma is of 
itself lethal the effect of MgSO« is to cause a great decrease in the sur\-ival time. 
Such findings raised the possibility that Mg~^ itself might be concerned in 
the production of the general bodily reaction to trauma. As a prcliminarj- step 
in the elucidation of this relationship we have examined the total Mg level in 
the plasma of the rabbit after limb ischtemia. 

Several workers (Lam, 1941 ; Moon ct al., 1941 ; Ricca ct al., 1945 ; Root 
el al., 1947) have incidentallj- reported increases in the Mg level of the plasma 
in traumatic shock and hums. For the most part these authors have failed 
to take into account the influence of the amesthetic used and of the depression 
of renal function which accompanies shock. It has been shown by Scholz 
ef al. (1945) that nembutal produces an appreciable increase in plasma Mg 
and we have also found this to be the case with chloralose. It is well known 
that the plasma 5Ig increases in renal failure, but it would appear that the 
degree of failure has to be severe and of long standing before any appreciable 
rise occurs. 


3Iethods 

Six rabbits were an®sthetised with ether and 4-5 ml. of blood were removed 
by cardiac puncture. Tourniquets were then applied to both hind limbs for 
5 hours by the method of Bywaters and Popjak (1942). Two hours after the 
release of the tourniquets a further blood sample was withdrawn. None of the 
animals so treated survived 24 hours. Autopsy showed that death was not 
due to haamopericardium and a series of similarly bled controls survived 
indefinitely. Heparin was used as anticoagulant and the plasma Mg was 
determined by the method of Hald (1933). The effect of renal failure was 
determined in a series of 5 rabbits in which the plasma Mg level was examined 
before and 7 hours after ligature of both ureters under ether anasthesia. 


Results 

Examination of the blood 2 hours after a o-hour period of limb ischamia 
showed an mcrease, statistically significant at P = 0-05, in the Mg content of 
the plasma in all but one of the six animals tested (table I). The averave 
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Tabi.t: I 


The cjfcct of 5 hours' bilateral limb ischamta on the •plasma Mg of the rahhit. 
Blood specimens obtained by cardiac puncture 


Itabbit no. 

, ...I , — - • ,—.--..— 1 — - - - — - - 

J’la.ina Me (me. jkt JOO ml.) 



Initial 

2 hr. ftft/'r rrlc.vc of 
tourniquets 

I’crcciitacc clunjc 

47/4 

2-34 

4-00 

+ 71 

47/7 

2-4C 

3-40 

+42 

47/8 

3-32 

4-53 



3-48 

3-10 

-n 


1-05 

2-70 

+64 

47/20 

1 •r.8 

2-58 

+03 


Averngo percentngo chango . 

+44 


Taulh H 


The cjfcct of cardiac puncture and ether anatsthesia on the 
, plasma Mg level of the rabbit 


Babbit no. 

JIr (me. jwr 100 ml.) 

Inltl.nl spci’lmcn 

Specimen 7 hr. l.ntcr 

I’crccntapo clianp! 

47/5 

3-30 

2-44 

-27 

47/0 

2-15 

1-81 

-10 

47/9 

3-80 

3-54 

— *7 


1-74 

3-08 

+77 


2-30 

2-70 

+ 14 


2*30 

1-81 

-21 


Averngo porcentago change . 

+5 






TADI.E in 


The effect of ligating both ureters of the rabbit tinder ether anaesthesia on the 
plasma Mg level. Blood specimens obtained by cardiac puncture 


Habbit no. 

Plasma JTr (mR. per 100 ml.) 


Before ligature of ureters 

7 iir. niter ligature of 
ureters 


47/15 

1-31 

1-04 

—21 

47/21 

I -68 

1-73 


47/22 

1-42 

1-7G 


47/24 

3-14 

3-81 


47/25 

3-30 

4-58 



Average percentage change , 

+ 13 
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incrcn<;o 'xns 44 por cent. Tbo clmngM in the control protip (tnhle II) wore 
not significant. In eovoral of the control rabbits the plasma Mg level tonfled 
to falf slightly in nccordanco ivith tho view of Brookfield (lfi33) that siinjilo 
hiemorrhago is accompanied by a decrease in the plasma Mg content due to 
limmodilntion. Complete suppression of urine for tho jicriod of tho experiment 
(table III) did not cause any significant change in tho Mg level. 


Di'sci/ssion 

Tlicsc results show that limb ischs'mia is followed by an increase in thf 
total Me content of the plasma which cannot be attributed to tho method of 
sampling or the typo of annisthesia. Furthermore this increase cannot lie 
osplained by the depression of renal function per sc, although this may play 
a part by preventing the excretion of excess Mg liberated into tho blood stream. 
The most likely source of this excess Mg is tho damaged tissue itself. 

These results seem to supply some evidence for tho hypothesis that trauma 
is associated with a disturbance in tho distribution of Mg within the body. 
The possible importance of this bos been indicated in the introduction and 
the e\ndenco presented here would bo greatly strengthened if it could bo shown 
that the toxicity of adenosine triphosphate was greater in tho animal after 
limb ischtemia than in the normal animal. As yet we have not been able to 
show this. Further work is necessary to determine the time relations of tho 
increase and also to discover whether the increase affects mainly tho ionised 
or non-ionised fractions of tho total Mg content which lias been estimated in 
these experiments. 


Summary 

Limb iscluEmia in rabbits is followed by a significant rise in the total 
magnesium content of the plasma. 

The expenses of this work were defrayed by the Medical Research Council, 
and one of us (H. B. S.) is in receipt of a whole-time personal grant from this 
source. 
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616 . 5 . 001 . 17 : 612 . 129 (adenosine) 

THE EFFECT OF FATAL CUTAXEOUS BUBXS OX THE 
ADEXOSIXE EQURL\LEXT OF THE BLOOD OF BABBITS 

H. B. SxoKirii and H. X. Gkekn 

From the Department of Pathology, University of Sheffield 

In pro\*ious oxporimenta (Stoner and Oroen, 1944, 1945) wo have shown 
that when tlio rabbit is exposed to various forms of trauma tho adenosine 
equivalent of tho blood increaaos. Cullumbino (1047) has recently found that 
mild scalding of tho skin of tho rabbit is accompanied by a slight but significant 
increase (27 por cent.) in tho adonosino equivalent of tho blood. In the present 
paper wo show tho changes whicli occur in this fraction of tho blood after a 
rapidly fatal scald and compare them with tho changes wliich occur after tho 
injection of a doso of adenosine triphosphate (ATP) which kills tho rabbit in a 
similar time. 

Methods 

Tlio fur of tho 0 rabbits used in this in^’cstigation was clipped short up to 
tho level of tho costal margin. A control specimen of blood was removed bj 
cardiac puncture and tho animal was then aowsthotised with Xcmbutal given 
intravenously and kept anresthetised until death. W'hilo anwsthetised, the 
animals wore immersed in water at 70° C. up to tho lovol of tho costal margin 
for 1 min. Tlipj’ wore then removed and (Iricd. Further specimens of blood 
were taken at intervals after scalding. A similar scries of C control rabbits 
was treated in tho samo way c.xcopt that they wore not scalded. Tho wliole- 
blood samples (2-0 ml.) wore e.xtractod by tho method of Barsoum and Gaddum 
(1935) and assayed against adenosine on tho guinea-pig ntriiun preparation of 
Drury ct al. (1937-38) ns modified by us (Stoner and Green, 1944). Each extract 
was assayed on two separate preparations and tlio figures given nro tho averages 
of the values obtained, corrected for variations in tho liromoglobin concentration 
of the blood by bringing them all to tho lord of 100 per cent, on the Haldane 
scale. 

Table I 


The effect of scalding on the adenosine equivalent {pg.jml. of icholc blood 
corrected for Hb, percentage) 


Rabbit no. 

Before 

scalding 

Time (hr.) nfler scahilng >W»cn specimen taken 

i 

1 

1} 

3 

A 

5 

58 

m 

330 

300 

300 

Mi 



61 


240 

290 


— 



62 


270 

310 


— 


220 

63 


220 

200 

200 



... 

69 

no 

170 

110 

220 




70 

210 

280 

300 

... 

340 

... 

... 


ATP injections were given intramuscularly in the form of tho Hg 
prepared from BaATP (Boots). The level of the adenosine equivalent of the 
whole blood was examined before and at intervals after the injection by the 
methods described. 

Results 

All the scalded animals died within l§-6 hr. after scalding, the average 
time being 3-4 lir. The effect of this trauma on the adenosine equivalent of the 
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whole bloocl is phown in table I and tbe*>o valuer should bo compare/! with 
tho'ic in the series of control rabbits (table IT). These results show that whereas 


Tadlk II 


The (ffcci oj repealed blood famplinp by cardiac puucJurr on the admosin' 
equh-alcut of tiholr blood corrected for Hb. percentage) 





Tiro'' 

(hr ) wh'-n arcrlnv-n taVen 



rabbit no 

0 

i 

1 

11 

ti 

3 

4 

a 


230 

100 

160 



130 

180 

200 

60 

230 

220 

200 



200 

180 

220 

67 

190 

190 

190 

,,, 

170 

170 

190 

... 

6S 

1 210 

220 

ISO 

**. 

180 

210 

130 

... 1 

73 

1 290 

270 

300 

310 

»•* 

290 

300 

... 1 

74 

330 

1 

330 

320 

290 


290 

2S0 

... 1 

1 


the adenosine equivalent in the control animals tended to fall somewhat over 
the experimental period, the scalded animals showed a significant increase 
(P =s 0-05), which reached a peak between 1 and 3 hr. after tho injury. 



Fig. Compamon of tho average percentage changes in the adenosine equivalent of 
the blood after scalding, after the intramuscular injection of a rapidlv lethal doso 
of ATP and after the withdrawal of samples of blood by cardiac puncture. 

^ ® After scalding at 70° C. for 1 mm. at zero tune. 

I injection of 600 mg. MgATP per kg. body wt. at zero time. 

V o After repeated cardiac puncture and Nembutal amesthesia. 


required to kill the animals in a similar 
period of time was 600 mg. MgATP per kg. body wt. I J*I. With this dose the 
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nnimnl died in n state of shock after 22 hr, Tlio percentage clmnges which 
occurred in the adenosine ccjuivnlcnt after tiiis dose of ATP are shown in the 
figure, ■w’horc they are compared witli tlio average percentage clinnge-; after 
scalding. 


Disemaion 

Tlieso results indicate that sovero thermal tratima is n.sHocinte<l with an 
increase in the adenosine equivalent of the blood in the rabbit. Tiio sourco 
of these increased amounts of adenyl comjtounds is probably the damaged 
tissue. Since ■wliolo blood tvas jised in thc.so e-xperiments, the possible rclca'e 
of these compounds from the red cells in the litemolysi.s associated with bums 
does not arise. 

'iMien these result.s arc considered with those of Cullumbino there would 
appear to be a definite gradation of response according to the severity of the 
injury. 

Under our experimental conditions death occurred at a similar time after 
both scalding and the injection of ATP, and the similarity of the changes in the 
adenosine equivalent of the blood in these two conditions is verj' striking. 
The.°o results emphasise once again the rosomblancc between the state of shock 
produced by ATP and the naturally occurring condition. 


Summary 

Severe scalding causes a statisticallv significant increase in the adenosine 
equivalent of tho blood of tlio rabbit. 

The injection of a dose of adenosine triphosphate which kills tho animal in 
a similar period of time gives a similar rise in the adenosine equivalent of the 
blood. 

The e.xpenses of this work wore defrayed by tho IMedical Rcsearcli Council 
and one of us (H. 13. S.) is in receipt of a whole-timo personal grant from this 
source. 
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5S2 . 28 {Crifptococcus farciminosus) : 576 . 8 . 093 . 31 

YEAST-LIKB I'OBM OF CliYPTOGOCOUS F ARCIMIisOSUS 
(RWOLTA) : [HISTOPLASMA FARCIMINOSUM) 

J. J. BOLT-r-N 

From </ic lustiUdc of Ainmal Pathology, University of Cambridge 

(piATn xxvn) 

Crxjpiococcns farcimino'iU'! is tlic fungus tosponsiblo for epizootic Ijinphangitis, 

0 . disease of the Equidtc characterised bj- nodules and chronic suppurating 
ulcers on the skin, irith inflammation of the associated IjTnphatic vessels and 
glands. In 1883, Rivolta and Miccllono described in these lesions a parasite 
•which they named Ctyplococctis farciminosus. It was first isolated by 'Marcono 
m 1895, imd in 1896 by Toldahigo in Japan. Tokiahige described the oval, 
thick-walled, budding yeost-like cells in pus, and the septate hyphfc and spores 
composing the growth on artificial media. Since then, cultures have been 
obtamed on a number of occasions, the extensive work of Boquet and Xegre 
{1914-1919) deserving special mention, but only the mycelial form of the fungus 
has so far been gro'wn. 

Tliis report describes methods of culture winch permit growth of the yeast- 
like forms hitherto found only in animal tissues. 

Isolation of the fungus 

The cultures for the present study were isolated in 1945 and 1946 from 
cases of epizootic Ijonphangitis among mules tjsed by the I4th Army in Burma. 
Pus from unruptured cutaneous nodules or lymphatic tissue from animals 
killed for post-mortem examination was sown on Sahouraud’s agar or Hartley 
digest agar, pH 7-4, containing 10 per cent, horse blood. The tubes containing 
the media were sealed before incubation. At first duplicate sets of tubes were 
incubated, one set at 37° C., the other at room temperature ; later, incubation 
was done only at 37° C. 

Thirty-five attempts were made 'to isolate the organism from material in 
which the fungus was seen microscopically. Eleven cultures were obtained, 
representing strains from 6 cases. Seven of the 11 cultures were grown directly 
from the 5 infected animals and 4 from 3 mules and 1 donkey inoculated ■with 
pus from 3 of these cases. 

The first culture -was isolated on Sabouraud’s agar after 12 days at 37° C., 
the fungus growing out of a clot of blood in the pus. Ho gro-wth. resulted at 
room temperature. Subsequent trial showed that the Hartley blood agar was 
superior to the Sabouraud agar. The remaining 10 cultures were isolated on 
Hartley’s blood agar after periods of incubation at 37° C. ranging from 12 days 
to 8 weeks. 

Primary colonies appeared as minute grey flakes in the layer of pus on the 
surface of the slope. Gro-wth was slow. The colonies became heaped up, and 
wrinkled into a series of ridges and folds. They were adherent to the medium 
and difficult to emulsify. SKoroscopically the growth -was seen to consist of a 
septate mycelium and chlamydospores. 


Morphology of C. farciminosus in infected tissues 

In the tissues of an infected animal the fungus appeared as an oval, budding, 
yeast-like organism, 2-5.3-5 p long and 2-3 p wide (fig. 1). UsuaUy, one pole 

J TiTH SICT — roi. IXI _ 9 
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wns n litf lo more sl)nrply pointed than tlio other, giving a lemon-shtipcd outline. 
A clear unstained epneo around the majority eiiggc-stcd the existence of n 
cajjsulo. Situated within largo mononuclear or giant cells, tho organisms were 
arranged singly or in groups, and wore often so numerous that but little cytoplasm 
of tho parasitised cell reinnincd. 

Tho cell wall of tho fungus was verj* thick and highly rcfrnctilo ond did not 
stain. In fresh preparations, tlio cj'toplasm appeared finely granular and usually 
contained ono or more small h3’n!ino bodie.s in active Brownian movement, 
inien fi.ved and stained, mnnj* of tho organisms showed largo vacuoles, the 
cj’toplnsm being arranged around the peripherj' or concentrated into n crescent- 
shaped mass. 

Budding was observed at tho poles of colls, xisunllj' from tho pointed end, 
sometimes from both. A narrow thread of cj’topln.sm connected tho daughter 
and parent cells. 

This parasitic j’on.sl-liko form of C. farciviiiiosus closolj’ resembles the 
parasitic stage of Histoplasma cajisulatum, an observation first recorded bj 
Da Rocha Lima in 191J2. 

The ycaat-like form of C. farciminosus 

Attempts were made to grow tho yca.st-liko form of G. farciminosus in scaled 
tubes of n variety of media incubated at .'ll® C. A single strain was u-'ed for 
tho first experiments, as it had a greater tendency than tho others to produce 
a small number of ycast-liko forms. Media tried included Hnrtlo}’ ngar, pH 7- , 
containing horse blood in coneentrotions ranging from 10 to 50 per cent., orwi i 
10 per cent, eheop, ox, goat, pig, rabbit or dog blood j Francis’s glucoso-cj'stmo 
rabbit-blood agar and o modification of this medium containing 10 per cen - 
horso blood; Salvin’s poptono medhun with 0-175 per cent, ngnr; and a 
modified Czapok-Dox medium with ngnr concentrations ranging from 0 o 
0-6 per cent. 

With all these, tho growth was rough, xvrinklod and adherent to tho surfnM 
of solid media. JIicrosoopicall}% it consisted of a pscudomycelium of sho^ 
septate h5rpha3 with numerous thick-wnlled, round or oval chlamj'dospores, 
5 to 10 g in diameter. These wore usually v’ncuolnted and contained a numbCT 
of large hyaline fat droplets. An occasional j-east-like form could bo foun > 
especially in old cultures. 


The effect of carbon dioxide 

MTien the culture was grown in a McIntosh and Fildes jar on Hartloj' blood 
agar at pH 7-4 in an atmosphere containing 15-30 per cent. CO., a slow bu 
progressive change to tho yeast-liko form was observed. Subcultures were 
made every ten days. Tho first subculture was more ensilj’' emulsified than 
usual, about half tho cells being in tho yeast-liko form. After tho second on 
third subcultures the growth was smooth, pasty, moist and almost entire) 
yeast-like. 

The yeast form was derived from terminal cells of tlie pseudomycehuni, 
which became oval and swollen, and finally separated (fig. 2). Some wore fonne 
by direct budding from chlamydospores. Tlieso yeast-like cells w-ore round or 
oval, 2-4 p long, and similar in general structure to tho parasitic stage, thougi 
not so imiform in size. Budding forms were verj- numerous, daughter ce 
usually developing from the more pointed pole, often from both, and occasionally 
from the sides. The culture also contained a few large roxmd chlamydospores 
and short fragments of mycelium. 

The optimum concentration of COj appeared to be in the region of 15-20 
cent. A mixture of mycelial and yeast forms was found in cultures incubat^ 
in CO. concentrations of 10 per cent, or below, and gro-wth was scanty 



.T I'VTll I'\(T ^»I 1 \1 


I’rATi; XXVII 


^ T^^ ^ } AhCl 1 ^ *** 



Fig I — Film of pus from a cutnnoous ulcer on n mule shoirinc \ciist-likc forms of 
Cryptococcua farctminoaua. Grom. Xco. SOO. 



hi. 2 —Cryptococcus farcimmosus. Yeast phase gTov\-n on blood agar at pH 7-4 
in an atmosphere of 20 per cent. CO,. Left : yeast like forms developing. Right 
fullj -formed separated \east forms. Gram. X 1600. 
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concenfrntions of 30 per cent, or nbovo. Without l.'J-.^O per cent. CO,, the 
cultvire could not bo mnintnined in the yc.'u?t phft.‘;o on Frnncis’n gluco-^o-cj-btino 
blood nsntr, Snlvin’s pemi-solid mo<lium or the modified C/Jipck-Dox medium. 
Cultures in FO.ilod or unscnled tubes reverted in a few days to the mycelial typo 
of growth, with the production of numerous largo chlamydosporcs. 

It was thought that a reduced o.xygen tension in the Jlcintosh and Fildes 
jars micht bo responsible for the growth of the yca.st form and experiments 
were made to test this idea. Tlic yeast phase was sown on blood agar and 
incubated in jars containing 15 or 20 per cent, nitrogen instead of CO,. I^argo 
quantities of soda lime (Indicarb) had been placc<l in the bottom of the jars 
to absorb the CO. remaining in the atmosphere and any formed during growth. 
Under these conditions the culture slowl5' reverted to tlic mycelial phase. The 
first subculture contained many yeast forms and a few chlamydosporcs and 
pseudomycelia. After four subcultures at intcr\-als of 10 daj-s the growth 
was rough, wrinkled and adherent to the surface of the medium, and consisted 
almost entirely of largo roimd or oval chlamydosporcs with a few yeast forms 
and mycelial togments. Tiicso results supported the idea that a suitable 
concentration of CO. was essential for the development and maintenance of the 
yeast-like form. So far 6 of the 10 cultures examined have been converted 
to the yeast-like phase bj- growing them on blood agar at 37° C. in 15 per cent. 
CO.. Tlie other 4 cultures produced abundant chlamydosporcs and hj-phoe 
but only a few yeast forms. 

The yeast phase could be re-converted to the mycelial phase on any suitable 
medium incubated at 22° C. After 18 hours the j-east forms produced sliort 
germ tubes and a septate brandling mj'celium bearing numerous chlamydosporcs 
rapidly developed. 


The effect of CO. on other pathogenic fungi 

It was found that the yeast-like phase of 3 strains of Histoplaema capsulatum, 
2 of Blaeiomyces dermatitidis and 1 of Sporotrichum schcnckii could be easily 
obtained on a simple peptone medium incubated at 37° C. in an atmosphere of 
16 per cent. CO,. 


Discussiox 

The presence of a certain concentration of CO. in the atmosphere appeared 
to be essential for the development of the yeast-like form of C7. farciminosus. 
Carbon dioxide may also play an important part in the development of the 
yeast phase of other pathogenic fun^ such as H. capsulatum or B. dermatitidis. 
Conant (1941) found that the yeast phase of a strain of JET. capsulatum could be 
obtained in sealed but not in unsealed tubes of rabbit-blood agar. Salvin 
(194/) successfully grew the yeast phase of H. capsulatum in a simple semi -solid 
medium. Both sealed tubes and semi-sobd media probablv allow a local 
concentration of COj, and it is possible that 3. capsulatum is more sensitive 
than C. farciminosus to CO,. 


Summary 

1. The yeast-bke phase of Cryptococcus farciminosus was obtained on blood 
agar incubated at 37° C. in an atmosphere of 15-30 per cent. CO,. 

2. The pr^ence of CO, appears to play an essential part in the development 

ot the yeast-like phase. ^ 


J- T. Duncan, Department of Medical Mycolo/nr, London 
£ r W Medicine, for much help ^d afvice. and 

phofo^pS Department of Pathology, Cambridge, for taking the 
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SHALLOW-LAYER FLUID ENRICmCENT JIETHOD FOB 
INTESTINAL PATHOGENS 


J. BnoDiE 

From the Department of Bacteriology, University of St Andrews 
Medical School, Dundee 


During the recent wnr, supplies of sodium clcsoxycliolnto vrero so limited 
that it was necessary to modify the original media of Loifson (1935) by 
substitutions: (1) sodium tnuroglj'cocholnto (British Drug Houses of B.P.O. 
standard) for the desoxycholate, (ii) pcpticnlly digested sheep seriun for the 
pork infusion, and (iii) rosolic acid for tho neutral rod. These citrate-rosolio 
acid (C.R.A.) media (Brodie, 1942), both fluid and solid, were successfimy 
employed in this laboratory for tho isolation of dysentery bacilli from morbi 
material. The use of tho fluid medium for enrichment purposes proved 0 
advantage in the examination of stools from cases convalescent from dj'sonterj 
(Jamieson ct al., 1944 ; Brodie ct al., 1946). 

Further work, with both solid and fluid media (Brodie, 1948; Brodie an 
Shepherd, 1949), on the differential inhibition of coliform bacilli and roug 
variants of intestinal pathogens (Brodie, 1948) indicated that tho smooth variant 
of a Soime group III (Soime, 1915) strain of Shigella sonnei was relatively 
tolerant of the high electrolyte content of tho bile-salt medio. In such media, 
the rough variant of the Sonne HI strain and various coliform bacilli were 
inhibited on the surface of the solid media and in shallow broths, whereas tho 


smooth variant of the Soime IH strain grew well. 

The C.R.A. media were employed for direct plating and for enrichment 
by inoculating a 4-mm. loopful of fmces on to tho plate and into 5 c.c. of the 
broth contained in a 1 oz. screw-capped bottle. Tlie broth was plated on to the 
C.R.A. agar after 16-24 hr. at 37° C. In view of results of differential inliibition 
experiments, it was decided to employ also shallow enrichment broths of 0'6 c.c. 
of C.R.A. fluid medium contained in 6-c.c. screw-capped roimd bottles. This 
procedure gave a broth layer approximately 2 mm. in depth compared vntn 
the 17 mm. depth of 5 c.c. of broth in a 1 oz. bottle. For the shallow enrichment 
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broths, n 2.mm. loopful of freccs was u-^ccl ns the inoculum, and nubsequent 
plating wns done on C.ll.A. ngnr ns for the 17 inm. deep broths. 

To dnto, 100 consecutive Rpccinions of fn’cos Imvo been examined in this 
wnv. In the absence of nn outbreak of intestinal infection within the period 
of the test, the results reported are those from sporadic infections. From the 
100 ftcccs so examine<l no positive isolations were made by direct plating or 
after enrichment in .5 c.c. deep broth, but 9 positive results followed enrichment 
in 0-6 c.c. shallow broth. Of these 9 isolations 4 were Sh. sonnei, 1 was Sh. 
ficj-ncri, 2 were Salm. acTtryckc and 2 were paracolon bacilli. 


Sttmmary 

In the examination of 100 stools from sporadic eases of suspected intestinal 
infection with citratc-rosolic acid (C.R.A.) medium for intestinal pathogens, 
enricliment in shallow, broth provetl more efficient than enrichment in deep 
broth, jnelding nine positive isolations against none. This superior efficacy is 
likely to be most marked in mild infections and convalescent cases, i.e. where 
there are few infecting micro-organisms in the stools. 

This paper forms part of the research work undertaken by the author under 
the terms of the Ernest Hart Memorial Scholarship awarded by the British 
Medical Association. 
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TWO INDE PENDENT FOCI OF INTRADUCT CARCINOMA 
OF THE BREAST, ON^ WITHIN A FIBRO -ADENOMA 


G. Harvey Smith 

From the Department of Pathology, University of St Andrews 
and Dundee Royal Infirmary 


(Plates XXVin akd XXIX) 

Malignant change in the epithelial element of a fibro-adenoma of the breast is 
mvasion of a fibro-adenoma by malignant cells from 
if®"" described by Cheatle and Cutler (1931) and Willis 
fihrt and Cutler state incidentally that carcinoma originating in a 

f fir ^ Their nearest approachto til was 

o a enoma with epithelial malignancy apparently in continuity 
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with similnr cnrcinoinntoim clmngo in tiio dtict'? nnrl ncini of the ndjnccnt breast. 
This tiny fil)ro-n(Ionoinn wns discovered on microscopic o.’cnmination nnd all 
that could bo said was that tlio ej>ithelium lining its clefts was identical in 
diameter with the intradiiet malignancy elsewhere in the breast. 

In a review by Harrington nnd Miller (1910), 15 cases of carcinoma of the 
breast are described ns jirobably originating in the opitholiiim of a fibro-adenoma, 
9 being alive 5 years after removal. The only tumour illustrated is said to bo 
a grade I adenocarcinoma nnd from the illustmtion, a photoinicrograpli at 
X2G, it is impossible to say whether their term ‘‘adenocarcinoma grade I ” 
means merely intradiiet jiroliferation of bonipi ti'pe, or an early intraduct 
carcinoma. It is doubtful, therefore, whether the cases in this series are 
acceptable, not least in view of the marked contrast with authoritative opinion. 

Four cases of carcinoma believed to have arisen within fibro-ndenomata were 
discovered by Rose (1912-13) in a series of 302 cases of mnmmnrj- carcinoma, 
and in the complex malignant mammary tumour described by Tudhope (1939) 
there ivere both sarcomatous nnd carcinomatous elements, the latter thought 
to have arisen in the epithelium of a fibro-adenoma. 

The present case not only shows malicnant change in the epithelium of a 
fibro-adenoma, but, despite the presence of another malignant focus within 
the same breast, there is also evidence to show that the changes in the fibro- 
adenoma arose there independently. 


Case report 

Clinical history. Mrs E. \V., ago -13, was admitted on 13.10.47 complaining 
that the right breast had “ felt irritated ” for the pn.st five months nnd that 
there had been progressive in-drawing of the nipple. A freely mobile lump 
“ the size of a pigeon’s egg " was felt beneath the nipple, nnd a diagnosis was 
made, on clhiical grounds, of carcinoma ivithout involvement of axillary Ijmph 
nodes. RadicJil mastectomy, 15.10.47. 

Pathology. A hard irregidar mass lay immediately under the sUgWlj 
retracted nipple ; macroscopicnily it was a scirrhous carcinoma measuring 
approximately 5-0 X 3-0 cm. in diameter nnd about 3-5 cm. in depth. In the 
axillary tail, about 8-0 cm. from the main tumour, there was a hard round nodule 
measuring 1-5 cm. in diameter. On section, this .seemed to bo a Ijmiph node 
replaced by meta.static growth. Ho other enlarged lymph nodes wore found. 

Microscopically the appearances of the main tumour are those of a scirrhoua 
adenocarcinoma erupting from a still recognisable intraduct carcinoma ; the 
infiltrating growth shows areas of obvious anaplasia, with numerous mitotic 
figures. In some of the mammary ducts close to the main tumour mass the 
lumen is still maintained and the epitholial appearances are those of the 
generalised malignant change which Muir (1941) has interpreted ns being duo 
to multiple foci of neoplastic change. Sections through the nipple show intraduct 
but no intra-opitholial or intra-opidormal spread. 

The nodule from the tail of the breast proves microscopically to be a simp^® 
intracanalicular fibro-adenoma, sharply de-limited by a fibrous capsule and 
showing the usual epithelial-lined glandular spaces (fig. 1). This epithelium- 
however, has in many places the cytological characters of duct epithelium at 
an early stage of intraduct carcinomo. Tliere is no sign of any neoplastic 
epithelium outside the ducts of the fibro-adenoma. Some of the clefts are 
lined by a simple, apparently normal, low cuboidal type of epithelium ; others 
show piling up of the epithelium (fig. 2), enlargement of some of the cells, clear 
cytoplasm, nuclear hypercliromatism and a few aberrant mitoses. Some of 
the clefts are completely filled with carcinoma cells (fig. 3), frequently showing 
the so-called cribriform appearance (fig. 4). In general, the picture is identical 
with that of the intraduct carcinoma present elsewhere in this breast, and the 
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Fig 1 — The fibro-adcnomn , sliowintr pilinc up of fpitliolmm uilhin the coinp!o'« 
cstenoions of tlic ncini , this opitliclium is c\ tolof’iralK Klciitioal willi that -ocn 
in the early stages of intr.ichict carcinoma, hut tliere !» no sicn of eruption of 
the neoplastic colls outside the glandular space'. Celestm blue and h.einalum. 
y 50. 



the upper lialf of the field there is ob\ lous filling and cUaterLMon of the 
glandular spaces bj the proliferating epithelium, uhile m the louer half, the 
clefts show, in placea, merelv a single laser of lining epithelium. The stroma is 
\erj shghtlj cellular and in part h\a1iniaed , there is no suggestion of sarcomatous 
change. Cclestin blue and hacmalum. y G 5 
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Fio. 3.— On the left of the fiehl. the clefts nre distended wth erihriform nlvcolnr 
caremomn ; on the right there is n presumnbly cnrlier stnuc of the intra-neiniir 
proliferation. Celestin blue and h.-emahim. x 10.*>. 



fiG. 4. This higlier-power view shows the tendency to glandular formation — the 
so-called cribriform arrangement. The epithelial cells are larger, paler and more 
varied in size than in the non-neoplastic 7-ones, and there are a few mitotic figures. 
Celestin blue and liaimnliim. x 3S0. 
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CAliCIXOMA JN A riDltO-ADKSOMA OF BJiFAST 

question nnocs whcllicr thi't S'! not in fnct one of tlic^e brcm?t« in wbicli tlirro 
i -5 intnuhicl carcinomn througlimit the of the brcn-«t froncmlly, n*. in 

Muir’s case 0. Tlic sites oripinnlly cvmnincfl — the repion of the seirrlioiH 
carcinoma and the fibro-adcnonin, niistakon iinke<l-oyo for a lympli node 
were of course chosen for obvious reasons. Fortunately the rest of the breast 
had been rctaincxl. and the rone between the two sites jirimnrily examined 
was now subjected to dotaiIe<l histological examination. This reveal.s tliat the 
ducts in the intervening are.a show no evidence of intraduct carcinoma and 
even close to the libro-ndenoma there is no sign of intraduct growth. 

Tlio possibility of secondnrj- invasion of the adenoma by the carcinoma 
in the stroma of the breast was oxchiderl svith reasonable certainty by finding 
a zone of fully 4-5 cm. of tis.'mc between the scirrhous growth and the fibro- 
adenoma in which no sign of malignant cells can be di=covcrc<l. 


Difcmnon 

According to Clicatlo and Cutler (1931) and Muir (1939), mammary carcinoma 
usually begins as an intraduct growth and the earliest changes frequently 
appear to bo multicentric. From an interpretation of the histological appearances 
it seemed to them as if some widespread diffuse abnormality occurs in the duct 
epithelium, which is then followed by focal and frequently multiple plaques of 
proliferation ; the epithelium in turn gradually assumes the cytological characters 
of malignant epithelium and os such comes to fill up the available space in the 
ducts. Then at some point, for reason unknown, these obviously malignant 
cells traverse the basement membrane and there is carcinoma of the breast. 
The earlier stages of this process, beginning in diffuse hyperplasia and ending 
in recognisable intraduct malignancy, can all be seen in the epithelium of the 
present fibro-adenoma, and it seems reasonable enough to accept the possibility' 
that the changes actually arose in the acini or clefts of the fibro-adenoma itself 
It is known, of course, that the epithelium of an adenoma is responsive to 
endocrine stimulation, as in pregnancy and lactation (Geschickter and Copeland, 
1945). 

Thus in the present case there is an intraduct carcinoma of breast of fairly 
circumscribed type with an associated scirrhous carcinoma, and in the same 
breast a fibro-adenoma in the clefts of which there is also intraduct carcinoma. 
The intervening tissue shows normal ducts and it must be presumed that the 
two foci of intraduct growth are independent sites of origin. It is tempting to 
imagme that the epithelium in the clefts of the fibro-adenoma, being already 
abnormal, was thereby the more ready to react to the general stimulus which 
we may presume to have elicited the development of the intraduct carcinoma 
under the nipple. Such an idea is consistent with the suggestion put forward 
by Muir that endocrine disturbance may be the basis of the multifocal 
abnormalities in duct epithelium which go on to become intraduct carcinoma. 


Summary 

In a surpcally removed breast there was discovered both an intraduct 
carcinoma with associated scirrhous carcinoma and, at a distance, a fibro- 
adenoma with intraduct carcinoma in its clefts. Examination of the intervening 
area fads to reveal any evidence of intraduct growth and thus the two zones of 
intraduct carcinoma appear to be independent. 


My thanks are dw to Professor Lendrum for help with this contribution. 
I also ^h to thank Professor R. C. Alexander for the clinical data and Messrs 
Corkhill and Fraser for their technical assistance. 
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A SUGGESTED EXPLANATION OF THE ALLEGED PHENOJIENON 
OF SYMBIOTIC (BACTERIAL) NITROGEN FIXATION IN WHALES 


R. A. M. Case 

From the Chester Beatty Research Institute, Royal Cancer Hospital, 

London 

In 1933 Laurio postuloted tlio existence of n sjunbiotic nitrogen-fixing 
micro-organism in large numbers in the blood of' Blue and Fin wholes 
(Balamoptcra musculus and B. physaltis). Ho referred to this ns tlio X-organian, 
and suggested that it played a part in the dynamics of dissolved nitrogen during 
sudden pressure changes. This organism was tentativelj" endowed with the 
power of passing the placental barrier, though Laurie showed a proper caution 
in stating this. 

Laurie’s evidence for the existence of this organism rested upon microscopio 
examination and upon the disappearance of nitrogen in the dissolved phase 
from whales’ blood taken at various periods after death ; “ in no case had the 
whale been dead more than twelve hours, and the majoritv less than six.^ 
Microscopio examination revealed small organisms of from 0-5 to 2-0 y ; their 
staining reactions are not reported. 

There seems to have been some hesitation in accepting these findings, and 
few standard works of bacteriology refer to the X-organism, although the 
existence of such a symbiont might have considerable importance, 

Scholander (1940) mentions that he was imablo to demonstrate the X" 
organism in fresh whale blood, but saw “ bacteria with whirling movements ” 
in blood drawn from older carcases. No cultural or morphological studies are 
reported. 

During 1946-47 I was engaged in a study of whale-meat bacteriology in the 
Antarctic and made some simple experiments to test Laurie’s hj^pothesis. 
It had emerged, as reported elsewhere (Case, 1948), that the musculatm-e of the 
whale becomes infected with a wide range of organisms very shortly after death, 
and that even after 1 hour the great muscles of the back may be appreciably 
contaminated. Blood was also found to be infected, though after a slightly 
longer interval, but some sterile specimens were obtained of both' meat and 
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blood. Tlic infection, n mixed one, con<?i<?tc<l of mnny types of plostndin, 
including Cl. c7iarn-ofi. Cl. crrfcmo/icn.s, nnd pome wliicb nro Ftill nnidcntifiwl. 
Gram-positive streptococci of ftccal tj-po nnd Gmm-nogntivc rods. Studies 
of the b.actcrinl flora of -svlmlo ftcces suggested that tbo intestinal tract 
Tvns tbo probable source of tbo contamination, but rigid proof of this is still 
lacking. 


Method.’! eind restthji 

Experiments on v;hnlc blood were performed ns follows. Si.x nlinlcs were 
sampled on different days. In two the blood proved to be Btcrilc. Samples 
were taken under oil, with preenutions against tlic introduction of infection. 
Tile nitrogen content was determined immediately and tubes of Bobertson’s 
cooked-moat medium were inoculnted for a sterility test. 

Tlie remaining portions of the blood samples were then brought to equilibrium 
with atmospheric air m a revolving tonometer, two liours being allowed. Tliis 
was carried out at 37° C. and aseptic precautions were maintained. The 
equilibrated blood samples were each divided into several portions, one of which 
was analysed and the rest placed in the incubator at 37° C. 

Nitrogen analj'ses were carried out by the technique of Van Slyko and 
Iseill (1924), and the results calculated to 760 mm. Hg. 

The results obtained up to this point (table I) show that whereas the sterile 
blood samples were slightly supersaturated with nitrogen, which might be 

TABtE I 


Nitrogen-dissolving power and nitrogen content of whale blood at 37° £7„ the 
blood being equilibrated with air to estimate the dissolving power 


^ '(Vhale no 

Type ^ 

i 

Time 

pofi morioit 
(hours) 

Slenllty 

Xj (%Ol5 
ivr 100 c c ) 

X,-iJJ"oIv5ns 
power (\ oh 
per 100 c c ) 

Percentage 

saturation 

' 40 

1 

Blue 

4 

Stenle 

3-78 

3-32 

113-9 

* 41 

: 

Blue 

1 

ft 

3 21 

2-15 

118-7 

169 

Fm 

18 

Infected 

1-31 

2-36 

59-0 

170 

Blue 

6 


1-32 

2-44 

54-1 

! 174 

Blue 

5 


2*12 

2-87 

73-9 

177 

Blue 



1-95 

2 65 

73-6 


expected in a recently surfaced animal, the infected samples showed a nitrogen 
deficiency comparable with that demonstrated by Laurie. 

The equilibrated blood samples were incubated at 37° C. and portions 
analysed at 3-hourly intervals up to 9 hours. The results (table U) show that 
a nitrogen deficiency appeared in all the infected but not in the sterile specimens. 
Other portions of the sterile blood samples were inoculated with a peptone- 
water culture of infected whale muscle taken twelve hours post mortem and 
incubated at 37° C., samples being taken for analysis as before. The results 
(table HI) show that a nitrogen deficiency had appeared. 

Portions of the infected blood samples were incubated after the addition 
of ^all amounts of penicillin (500 units per 10 ml.) and samples analysed 
as before. The results (table IV) show that nitrogen disappeared more 
{tebl^I^°”' samples than from the same samples without penicillin 
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Tabu: II 

T/ic disappearance of nitrogen from whale blood equilibrated xcith air 
at 37° C. and incubated at the same temperature 




Tlffio from ^'Qulllbration (liour*) | 




0 




6 


) 

0 , 

BIoo<l no. 

Sterility 










N*. 

(vol.. i>cr 
100 c.e.) 

I’er- 

eentaite* 
Mtii ration 

-V. 

(vnt«.p<-r 
100 c.e.) 

lVrc<*ntiter 

KiHirntion 

X, 

(VOl«,per 
m C.C.) 

j’ercentaint 

Mturatlon 


Pf rersUr ' 

} 

40 

Stcrilo 

3-32 

1000 

3-3.7 

100-9 

3-30 

99-4 

3-31 

99-7 

99-6 

41 

»» 

2-75 

1000 

2-74 

00-6 

2-72 

OS -9 

2-74 

160 

infeoted 

2 -.IQ 

1000 

2-14 

83-C 

m 

65-2 

1-43 

55-9 

4S-4 

51- 9 

52- 1 

170 


2-44 

100-0 

2-03 

83-2 


65-2 

1-18 

174 


2-87 

100-0 

2-13 

74-2 

■Ktil 

CG-2 

■ia 

177 


2-C5 

100-0 

2-01 

Taj*!) 


03-0 



• Tho blood In all (lip^o (■xporlmeiits inii a^'iimi'd to be 100 per cent, aaturated alter 2 hoar In » 


revolvInR tonometer. 


Table III 

The disappearance of nitrogen from the blood of whales 40 and 41. 
with a culture from meat 39, equilibrated with air and incubated at 3" G. 



Time from eriiilllbmtion (boiir^) 

Blood no. 

0 


0 


0 


N. 

(vols. per 
100 c.e.) 

PorcentnRo 

satumtlon 

(vok. j»er 
100 c.c.) 

Porccntipe 

Mtiimtlon 

(vol'i. p^r 
100 c.c.) 

Percentase 

paturatlon 

(vols. per 
100 c.c.) 

perrentaft 

satnration 

40 

3-32 

100-0 

2-41 

72-6 

1-70 

53-0 

1-51 

45-5 

41 

2-75 

100-0 

2-10 

70-4 

1-79 

65-1 

1-41 

51-3 












Table IV 


Nitrogen disappearance in infected blood equilibrated with air at 37° <7. an 
incubated at the same temperature with 500 units of penicillin per 10 w • 
of blood (cf. table II) 




Blood no. 

Time from equilibration (hours) 

0 

3 

0 

0 I 

N. 

(vols. per 
100 c.c.) 

PcrccntaRo 

saturation 

(vols. per 
100 c.c.) 

Percentage 

saturation 

Xi 

(vols. per 
100 c.c.) 

Percentage 

saturation 

N. 

(vols. per 
100 c.c.) 

Percentage 

geturotlon 

169 

170 
174 
177 

2-60 

2-41 

2-79 

2-51 

100-0 

100-0 

100-0 

100-0 

2-43 

2-30 

2-68 

2-40 

97-2 

96-4 

92-5 

95-0 

2-27 

2-12 

2-42 

O.OJ 

90-8 

88-0 

86-7 

88-0 

1- 99 

2- 02 
2-34 
2-10 

79-6 

83-8 

83-9 

83-7 
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BA CTEBJOPHA OE-iyFECTED ORGA NlS.^fS 
Discusnon 

Lnurio’ft finding of nitrogen fisntion in whaler is confirmed, but it 5s po«‘sib!o 
tbnt tins effect is duo to the extremely rapid contamination of the carcase which 
takes place n-ithin an hour or two of death and not to a symbiotic process. 
A fcctns, in common with all other tissues, wovild be involved in the rapid spread. 

Laurie found that the virine and allantoic fluid of otherwise “ nitrogen- 
deficient” whales were supersaturated. Tliis is probably because such fluids 
would not provide a suitable medium for nitrogen fixation, sinco nitrogen- 
fixing micro-organisms require a plentiful source of oxj'gcn. In blood and 
muscle Incmoglobin and myoglobin would meet this demand. 

There is nothing in this work to identify the nitrogen-fixer, but an extensive 
bacterial flora has been demonstrated in both blood and muscles analogous 
to the intestinal flora of the whale, which is presumably derived from the 
animal’s food. 

The occurrence in the sea of an abundant population of nitrogen-fixing 
bacteria of both Azotobacter and Clostridium tj^ies bos been variously reported 
(Bavendamm, 1932 ; Beneckc, 1933 ; IVaksman ct al., 1933), so the concept 
outlined above seems well within the bounds of probability. 

Suvimary 

A bacterial nitrogen fixation was found to occur in whale’s blood when 
the blood was infected as a post-mortem occurrence, but not in sterile blood. 

It is concluded, therefore, that Laurie’s nitrogen fixation is a post-mortem 
artefact and not evidence of symbiotic activity. 
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CHANGES IN BACTERIOPHAGE-INFECTED 
0RGANIS:MS as RE\’EALED by phase-contrast ILLUMINATrON 

J. S. K. Boyd 

From the WeUcome Laboratories of Tropical Medicine, London 
(Plate XXX) 

Tteoughout the extensive literature on bacteriophage, references to the 
mo^holopcal changes which take place in infected bLteria areXTnd brief 
mg o significance has been added to the account given by d’Herelle (1926) 
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who, using dark field illiiininnlion ns his metliod of observation, described 
“ inflated ” and splierical forms wliich, nftor a variable period of obsemtion, 
suddenly burst, leaving in tlio surrounding medium a slightly cloudy fiocculo 
which slowly dissolved. Tlieso swollen colls had a sharply outlined contour 
hut no rofcronco is made to internal stnicturo. ll’yckoff (1018), in\’cstigafing 
the multiplication of bacteriophage by means of the electron microscope, 
suggests that young bacteria lyso soon after coming in contact with particles 
of bacteriophago and that multiplication of bacteriophage continues in the 
e.vtrudcd protojdasm. Tiiis suggestion is difficult to reconcile with other 
estahlLshcd facts regarding hnctcriophngo, and it is probable thot tho technique 
of electron microscoj)y was responsible for tho unexpected appearances which 
were observed. 

During an investigation of tho bacteriophagos of Salmonella tijphi-murixim 
I studied the morphology of infoctetl Ijnclcria ns revealed by phase-contrast 
illumination. Tho findings which were both definite and characteristic, are 
reported in tliis paper. 

These bacteriophages may ho tlivided into two main groups. Members of 
tho first group alwajT? produco h'sis in tho organisms they infect. In orlificiat 
culture some tjqocs leave alix'o only a fciv resistant organisms, while others 
appear to achieve o st-ato of balance in which sensitive bacteria and bacteriophage 
are found together. In neither case, however, do bacteria hocomo permanently 
infected or lysogenic. 

Members of tho second group, after a preliminary dc.struction of sensitae 
organisms, produco an apparently linnnlcss infection in tho remaining ccte 
whicli, imdor natural conditions, persists indefinitely'. These infected organisms, 
therefore, become lysogenic. 

Within those groups there are certain well-defined types wliich need not 
bo detailed hero. Tlio descriptions which follow relate to three common baoteno- 
phages, of wliich tho first destroy's all but resistant organisms, tlio seconu 
achieves a state of balance without lysogoncsis and tho third destroys sensitae 
organisms but establishes permanent symbiosis with tho remainder, producing 
,a lysogenic culture. 

Method of examination 

Infected cultures in a broth medium are examined at tho peak of growth 
preceding ly'sis. Tho bacteria ore immobilised hy imprisoning them in agar. 
A number of 3' x £' tubes are charged with about O'C c.c. of 2 per cent, nutrient 
agar which is kept melted by' immersion in a water-bath at 4C° C. An equo 
part of tho culture to bo examined is added to ono of these tubes with a pipette 
and thoroughly mixed with tho agar. A small drop of tlio mixture is then 
placed on a warm slide and pressed down under n cover slip to form a thm 
film. To prevent dry'ing, tho edges are sealed with molted vaseline. 
examination tho preparation is kept at 37° C. in n thermostatically' regulated 
cell on the stage of tho microscope. A powerful source of light, as for dark field 
illumination, is used and tho beam is passed tlirough n light-blue glass filter. 

Findmga 

Normal bacteria. Uninfected normal bacteria in the logarithmic phase of 
development show active multiplication, and are short and oval in shape (fiff; 
They are of a imiform dark-blue, almost black, colour and have no obvious 
internal structure. Dividing organisms show an equatorial constriction whion 
quickly deepens and halves the organism. In older cultures, which hove been 
incubated overnight and left at room temperature for some time, the organisms 
are longer and dividing forms are scanty or absent, but otherwise they do no 
differ significantly from those in younger cultures. Occasionally, much elongate 
or swollen forms are seen. These are usually' less dense than the normal bacteria. 
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but nro equally stnieturelc^^. Tlicy have boon ob^orvcfl to remain nncbnnao< , 
i.c. without undergoing ly<;i‘i. over period*? of -1-5 liour*?. ^ ^ _ zr o\ 

Infection u-ilh a bocicriophngc xrhich drslroyn all fCnntux or/7om«m5 (ng. ^)- 
The earliest abnormality to bo scon in an organism infected with this hneteno- 
phago is the absence of'division. As the body lengthens, the usual conslnction 
fails to appear. Instead, a small mass of material which is lighter m colour 
than the normal bacterial cytoplasm develops centrally and grows until the 
bacillus is ssvollen to about twice its normal pi7c. Tlic dark bacterial cytoplasm 
is dmded by this mass and pushed into the extremities of the coll where it can 
bo seen ns two polar bodies, the free e<lges of which are usually, though not 
invariably, concave and may be .sharply dofino<l. A few tlark granules arc 
frequently present in the light mass, particularly along its edges. \ cry 
occasionally, all the bacterial cytoplasm may be displaced to one OKtremity, 
leaving the rest of the b.acterial body clear, except for a few isolated granules. 

Tiro use of the warm cell allows the stages of development leading to the 
Ij'sis of the organism to be obscn-cd. While it is a comparativoh" easy matter 
to record the bursting of bacteria by making a diagram of a selected field and 
checking the disappearance of one organism after another by periodic counts, 
it may take half an hour or more of unremitting observation of a selected 
bacterium to seo the actual burst. Tlic uncertainty of the timing and the 
suddenness of the burst which, from beginning to end, takes le<3 than 2 seconds, 
make it impracticable to record the changes photographically. The brush 
drawings shown in fig. 3 were made bj’ 3Ir B. Jobling, and their accuracy is 
confirmed by the writer. Tire burst appears to result from internal prei^sure, 
which quite suddenly overcomes the resistance of tlio cell membrane. If 
previously curved or sinuous, the organism becomes straight and tense. A 
swelling develops either at one end or, more commonly, in the middle and the 
bacillus rapidly becomes blown up, though still appearing to have a definite 
limiting membrane. The burst then occurs and, after a transient haziness 
while the bacterial contents mLx with the surrounding medium, only the remains 
of the dense polar masses can be seen. tJsuallj' these disappear within a few 
seconds but sometimes they persist as indefinite amorphous granules for some 
minutes. Occasionally, too, the “ ghost ” of the organism in the form of an 
empty ceU membrane is momentarily visible. 

Infection with a bacteriophage which achieves a slate of balance {fig. 4). Under 
the influence of the second type of bacteriophage changes in the morphology 
of the organism difier from those seen in infection of the first type. In general, 
enlargement of the cell is greater. Alany bacteria assume a cluh-like shape 
with an asymmetrical swelling near one extremity. The dense bacterial cyto- 
plasm is again dhided by the central mass of light material, and one portion 
is forced into the narrow end of the club while the other assumes the form of 


a band across the swollen end. Between the band and the adjacent pole there 
is a further clear area. In some, a small dark mass occupies the extreme tip 
of the bacillus at this end. Other bacilli show a long central constriction, and 
have light extremities and centre and two dark bauds crossing the widest 
portion of each half. Occasionally, and particularly in the earlier stages, forms 
with dark bi-polar masses and clear centres resembling those produced by the 
first type of bacteriophage are also seen, but these are in a minority. 

Infection with a bacteriophage which produces lysogenesis. When a culture 
° is exposed to the action of a potent bacteriophage of 

6 ®®'=und group, the immediate result is the infection and destruction°of a 
considerable proportion of organisms which appear to have a higher degree of 
sensi ivity than the others. In due course these susceptible organisms are 

r., those remaining, although infected by bacteriophage, proceed 

to multiply normally. r a r 

The sensitive organisms, which are destroyed, undergo changes which 
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rosomblo, but difTcr in clot-nil from, tlio'fo eocn in infeotion with tho two previously 
doscribecl bnetoriophngos (fig. .'i). Thoj* clongnfo to n greater extent but show 
little increase in width. Tlio contraat between tho denser and lighter areas is 
less marked and, svhilo there are iisiinlly dark polar mns.=os, these are rclatUel}’ 
small. Iho body of tho organism is crossed by irregular and ill-defined dark 
bands. In general, tho light substance is more intimately' intermingled with 
tho dfirk than in tho previous two. 

Tho organisms which resist ly.sis and establish sy’mhiotic union with tho 
bacteriophage .show no unusual characters and prrow and divide in a normal 
way'. An infected oulturo which has been maintained in the laboratory for 
two years was used to confirm this point and also to prove that tho bacteriophage 
is present in each organism of an infected culture and is not merely' kept alive 
through tho agency' of a few sensitive imitatit.s. Portions of a young broth 
culture of this strain were simultaneously plated on agar and mounted for 
phase-contrast examination. Tho plate was placed in tho incubator and tho 
slide preparation in tho warm cell for microscopic examination. A careful 
search of tho latter failed to rove.al any signs of bacteriophage infection or of 
ly'sis. One or two pale and s\vollon forms were scon but these underwent no 
further alteration. All other organisms wore of normal appearance and div'ided 
repeatedly, so that in a few liours c.ach had dovolopeel into a small massed 
group which was obviously tho begiiming of a colony'. Next morning tho 
incubated plate showed numerous well-scat tcrod and discrete colonic-s, twcUo 
of which were cultured and tested against a susceptible strain. Without 
exception, bactoriojdmgo was found in cacli of tliem. The absence of any 
of tho usual signs of bneferiophago infection in tho microscopic preparation 
and the dcmonstrablo presence of bnctoriophngo in nil colonics from tho plat® 
provide strong evidence of tho existence of a sy'mbiosi.s in which there is only 
limited bacterioplmgo multiplication, so that tho metabolism of tho bacterium 
IS not seriously' upset by' the pre«onco of tho bncloriophngo. 

Infection with other bacteriophages. Changes of a like nature, although differing 
m detail, wore observed in tho organism “ coli B ” infected with tho T series of 
cohphngos ” and also in infected typhoid and dysentery bacilli. In general, 
each bacteriophage produces in tho bacterium a constant and, in some cases, 
a characteristic pattern composed of dark bacterial cytoplasm and tho less 
dense substance wbich is absent from normal bacteria. 


Discussion 

Tlio strik-mg abnormality in infected organisms is tho lighter substance 
w'hich grows in and ultimately' appears to disrupt the bacterium. There seems 
no reason to doubt that this is oitlior tho developing bacteriophage itself, or 
at least is closely associated with tho formation of bnctoriophngo. This obson'a- 
tion affords substantial confirmation of tho gonornlly accepted iiy'pothesis that 
bacteriophage multiplies in and nt tlio expense of tho host bactoriuin. 
not support the theory that bacteriophage multiplication oocur.s in the bacterial 
protoms after they liavo escaped from tho ruptured cell. Perhaps its cluof 
mterest, however, is that it indicates a method of investigation which may hav® 
a useful application in tho study of viruses patliogonic to plants and animals. 


Simwiary 

1. Changes in the morphological characters of bacteria infected with bacterio- 
phage can be seen by phase-contrast illumination. 

2. These changes vary according to the bncteriophngo but are constant for 
each bacteriophage and may be characteristic. 

3. No changes are observed in a permanently infected ly'sogenio strain. 
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Fig. 3. — Serial drawings depicting two tj-pes of “ burst ” in Salm. ti/phi-mtiriion 
infected by a non-lysogenic bactcnopbngo. X 1500. 



Fio. 4. — Salm. typhi-murium infected by 
another type of non-lysogenic bacterio- 
phage. yloOO. 


The figures are composite, 
representative selection of the 



Fig. 5.- — Salm. typht-murium infected by a 
lysogenic bacteriophage. Bacteria showing 
these appearances are seen only m the early 
stages of infection of a culture. Tliey 
ultimatelj- burst. X 1500. 


The brush draivings, made to scale, depict 
different forms observed. 
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4. Thi‘5 metlioc! of ovnminntion may have nn important application in the 
study of plant and animal virn‘!C‘s. 

I have to thank Mr B. Johlinp for makinc the Imicli drawinj;': which lilnstrato 
this note. 
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Diet in relation to reproduction and the viability ol the young. Part I. 
Rats and other laboratory animals 

Bv F. C. Eussell. 1948. Aberdeen : Commonwcaltli Bureau of Animal 
Nutrition, Rovrett Institute. Pp. 99 ; 6 text figs. 63. 

The dietary requirements of farm animals have been studied vrith 
some care and several textbooks have been produced -which enable the 
stock o-wner to compile suitable rations. Comparable information on the 
diets of laboratorj- animals is far more extensive and has indeed gro-wn to such 
formidable proportions that the reader -who is not thoroughly familiar -with 
the subject -would need to search numerous journals to extract information 
on any specific point, as, for example, the influence of ribofla-vin on 
lactation. 

In this monograph by Jliss F. C. Russell a highly creditable effort has 
been made to bring together and to assess critically a mass of material ; 
in this it serves a most useful purpose. Tlie performance of a breeding 
colony may be influenced by the balance of the dietary constituents, t.e, 
the ratio of protein to carbohydrate, or by a deficiency or excess of an 
mdivddual component. In order to bring more precision to the science of 
feeding, efforts have been made to elaborate diets from substances of 
known chemical composition. The author gives numerous examples of 
the care which must be exercised and sho-ws how slight alterations may 
have a profoimd effect on the breeding female. In any colony the chief 
criteria for assessing the suitability of a diet for breeding purposes are 
(a) the percentage of females which become pregnant, (6) the size of the 
litter at birth, (c) the size of the litter at weaning, and (d) the effect of the 
diet on fertility and lactation. 

There are many diets of natural foods which are recognised as giiring 
satisfactory results and the first part of the monograph summarises the 
experience of previous workers -with rations of this type. They are, however, 
subject to variations, and the results obtained in one institute may not 
be repeatable in another, iliss Russell rightly concludes that it is impossible 
to lay down a standard ration, but she gives sufficient information on 
the better-known stock diets to indicate the pitfalls. 

The rest of the booklet covers the literature on individual components 
and is di-vided into sections on proteins, fats, carbohydrates, metals and 
varioos -vitamins. The different species of laboratory animals show slight 
variations in their dietary needs. Naturally, most of the available informa- 
tion has been secured in the rat and mouse. There is a useful table on 
page 84 which summarises the success in rearing young attained by mothers 
fed on purified diets. It would be an advantage in future editions to enlarge 
this table to include other types of laboratory animals. 

There is a comprehensive bibliography which is most valuable. 

Methods ot quantitative micro-analysis 

^fleeted and edited by R. F. Memtox and W. A. Watebs. 1949. London : 
Edward Arnold & Co. Pp. viii and 599 ; 171 text figs. 60s. 

^ Although this book is not -written for any particular class of reader, 
it is well worth the attention of any pathologist who is interested in the 
133 
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quantitntivo choinienl aspects of liis subject. IMicro-nnalysis is essential 
for both routine work and special irivostipations in chemical patliology, 
but many pathologists must bo inmwnro of the wide range of micro-chemical 
techniques and motliods now available to them. TliLs book gives an 
up-to-date account of tho subject, and the sections on volumetric analysis, 
colorimetry, electro-chemical methods and gasomctric methods in particular 
may bo strongly recommended to pathologLsts who wish to bo informed 
of recent dovelopmont.s in these techniques. In each section, principles, 
procedures, sources of error and apparatus are competently dealt with, 
and are followed by many o.vnmi)lcs of analysis ornploj-ing tho teclmiqufs 
described. A considerable proportion of these c.varnples deals with 
substances of biocbomical or pathological importance, and while the 
collection of such examples is by no means osimustivo, it is noverthele^va a 
very useful one. 

Tho editons of this book nro to bo complimented on brining together 
in one volume so much valtinblo instniclion and information in the wn 
field of micro-annlj’sis. 


Mycoses and practical mycology 

By N. Gouaji. 1948. London ; Baillierc, Tindall and Co.x. Pp. si and 
234 ; 4 colour plates and 134 text figs. 25s. 

Despite the recent publication of several useful books on various aspects 
of medical mycologj’, there remained a demand for a small book in simp o 
language in which stress i.s laid on the mycoses rather than on mycology. 
Dr Goliar’e little book, designed “ for students and practitioners, is 
offered in response to this demand. A short introductory’ chapter on lO 
characters of tho fungi and tho basis of classification is followed by’ a one 
account of tho mycoses, their epidemiology’ and parasitology’. Tho remain er 
of tho book is divided into cboptci^ dealing with indindual disease^ or 
disease groups, and tho final clmptcr contains a list of common fungiei es, 
some prescriptions used in dermatological practice, tho formulas of so' era 
useful culture media and n note on poisonous mushrooms. 

Tlie book is 'voll got up and beautifully illustrated by 134 pbotograp 3 
and lino dra'vings, many’ of which nro original. Tlio complete omiKion 
of references to tho relevant literature detracts greatly’ from tho usofuin 
of tho book, and more attention might have been paid to recont nota 
advances in medical m.vcology. In tho matter of taxonomy’ and nomen- 
clature the simplified .sy’stom in common use to-day’ would have been 
preferable to the multitudinous specific names favoured by’ Dodge. 


The physiology of domestic animals 

By H, H. Dukes. 6th ed., 1947. Ithaca, N.Y. : Comstock Publishing 
Co., Inc. (English agents BailliSre, Tindall and Cox). Pp. xii and 8 > 

1 colour plate and 183 te.xt figs. 41s. 


It must always be diflioult to write a textbook on a subject that covem 
a wide field like the general physiology of domestic animals ; to dMi 
what to include and what to omit ; to assign degrees of importance. In® 
is true, on tho assumption that the book is planned with a certain clas 
of reader or a certain purpose in view ; and most subjects are no'v t®® 
big to make the preparation of compendia of knowledge either possible 
desirable. We are told in the introduction that this book is designed for 
students of veterinary medicine and “ will be useful to ” students of animn 
husbandry. It may’ serv’e the examination needs of these students : i 
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i=! Ic'!'? ccrtnin ^vhcthc^ it will be of miicli two to tbcm in practice. It iq n 
curiowq mixture. In parts the xrriting is pretentiouq and obqcnro ; in others 
there is over-simplification, almost to absurdity ; for instance, the graph 
on p. 3" portraying the “ correlation bclvrocn ciythrocytc count and 
haimoglobin content of blood (dogs) " or the accompanying paragraph 
on ha}moglobinomotcrs and conversion of liKmoglobinomctcr readings to 
grammes btemoglobin. Xhat docs not mean, that there are not excellent 
parts as well. The exposition of the meaning of pH is outstandingly simple 
and intelligible. 

The general impression, to one not familiar with earlier editions, is 
of a compilation on classical lines which has been spoilt by being “ brought 
up to date.” The best parts appear to bo either intact or rewritten ; the 
worst are interlarded with bits and pieces like cards from a filing cabinet, 
inserted but not incorporated. 

This bringing up to date of textbooks is a dangerous occupation. It 
is practised far too often in this form, and results in lack of continuity of 
thought, absence of co-ordination of presentation and, in its worst mani- 
festation, the presence in the text of isolated statements, “ So-and-so has 
studied such-and-such”, which contribute nothing to the discussion and, 
if they must be included, should be in a supplementary' bibliography of 
recent work. Such doctoring of a book destroys it. Surely the prime 
purpose of a textbook is to present a co-ordinated argument and reliable 
conclusions. A textbook is for the student, to provide a background. 
Research moves so quickly that no textbook can do more. The material 
for it should be selected with that in view ; that and the purposes for 
which it is intended. If it is to be “ brought up to date,” that process 
should be limited to correcting errors in the original data, e.g. the (1916) 
data for btemoglobin in human blood (p. 36) and the renal threshold for 
glucose in man (p. 502), (There are many other inaccuracies, suiwii'ing 
or freshly introduced.) Expansion should be by addition of new chapters. 
For example, the process of insertion here has scattered statements on 
antnmia and made the treatment confused ; there is no systematic definition 
of terms or of stages in blood formation, and no orderly account of the 
nutritional ansemias. Some of the insertions are misleading or simpiv 
not informative. 

Ii seems possible that a student of nutrition cannot view the contents 
of this book without prejudice. With due allowance for prejudice, it still 
appears necessary to say that for students of veterinary medicine and for 
animal husbandmen the treatment of nutrition seems inadequate. Even 
the best known nutritional deficiency diseases are briefly — even in- 
accurately — described, or dismissed in a sentence, however interesting 
the story. It is more surprising, and equally important, that there is no 
mention at all of immunology. But surely the phy'siology of resistance to 
disease should have a place in a textbook for veterinary students, even 
if it were only in respect of antibodies in colostrum and transmission across 
the placenta. To deal with such questions might incidentally arouse a 
lively interest in the complex physico-chemical phenomena sketched in 
the first chapter. 
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PROCEEDINGS OF THE PATHOLOGICAL SOCIETY 
OF GREAT BRITAIN AND IRELAND 

31sf December 1948 and Isf January 1949 

The seventy-seventh IMeoting of the Society vras held, in tvro sections, at the 
London School of Hygiene and Tropical Medicine, and at University Collego 
Hospital Medical School, London, on Friday, 31st December 1948, and 
Saturday, 1st January 1949. 

Communicationa and domonatrations 

Those marked with an asterisk are abstracted below 

*R. E. O. WiLLiAJts and Ai,-n- Htrch. Streptococci in the air of occupied 
schoolrooms. 

R. CRtrtcKSHA>'K, H. J. Harris and A. J. H. Tojojnsok. The role of the nasal 
carrier in outbreaks of streptococcal infection. 

*J. Ukgae. Agglutination of red cells by B. pertussis. 

C. F. Babwell, I. M. Dawson and A. S. McFAnnANE. Electron microscopy 
of psittacosis virus. 

J. W. Howie. Diet and resistance to infection. 

*Jeak L. Young, R. D. Stuart and W. Wilson. Control of a contaminant 
by adjustment of environment. 

Joan Taylor and B, W- Powell. A serological type of Bad. coli associated 
with neo-natal and infantile diarrhoea. 

K. ZiNNEMANN. Sensitivity of Haemophilus influenzae strains to various 
sulphonamides. 

*0. C. Lloyd and T. Soimeeville. The fat-6 of qiorozoites of Plasmodium 
cynomalgi injected into the skin of rhesus monkeys. 

Margaret Tdtt and Janet Vaughan. Some ohservations on strontium 
metabolism m rabbits. 

B. Lennox. Formation of melanin in epithelial tumours of the skin. 

M. Bodian. The pathology of Hirschsprung’s disease. 

S. Sevttt. The physio-pathology of experimental skin bums. 

F. IV. Gunz. Some experiments in vitro with human leuksemic blood cells. 

A. H. Cruickshank and T. P. B. Payne. Studies of the resistance to infection 
of rabbits with alloxan diabetes, 

I. Doniach, Changes in the meningeal vessels in acute and chronic {strepto- 

mycin-treated) tuberculous meningitis. 

A. C. P. Camtbell. The pathogenesis of acute pancreatitis. 

J. F. Hegoie. The probable continuous nature of glomerular activity in the 

mammalian kidney. 

E. Boyland and E. S. Horning. The induction of tumours with nitrogen 
mustards. 

L. Dmochowski. Survival of the milk factor in transplantable breast tumours 
of mice. 

L. Dmochowski and L. H, Sticeland. Dialysation of the Tnilt- factor. 
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R. J. LiroronD, J, SMtiii:s nntl F. V. Wixcii. Distribution of nucleotides during 
mitosis in malignant colls. 

R. D. Pa.ssky, L. Dmochowski, W. T. AsmurtY nnd R. Recd. Biological 
obsorvations in electron micro«cojjo sluflios of higli-breast-cnnccr strain 
tissues. 

C. ^ . HyVunisoN'. Primary pulmormrj' liypertonsion. 

E. J. ICtn’o, B. JI. WniGiiT nnd S. C. R.\y. Attempts to prevent experimental 
silicosis witli nliuniniuin. 

A. G. E. PEAitsn. J'lio nature of Rtissoll bodies. 

J. S. \ouKa, C. E. Lumsdes and A. L. STAt.Kim. Tlic estimation of the “ tissue 
pressure " of normal nnd neoplastic tissues in the rabbit. (Cincinafograpli 
film.) 

J. . WiriTTiCK. Isolated nmyloidosia of the trncbea nnd bronchi. 

R. E. RewelI/. (1) Carcinoma of the ovary in a goose. *(2) Squamo-pcbnceous 
carcinomn-s in tho .slcin of a polecat (Putorius putorius). *(.3) Sweat gland 
tiunour in n cotton rat (Stgmodoit liispidtoii). (4) Eymphatic Icuhaemia 
in an African brush-tailed jiorcupino (AlhcrttrM nfriennus). 

R. Rodda. A case of spina bifida with mcningo-inycloecle nnd the Arnold- 
Chiari malformation proflucing hydrocoj>hnlus. 

J. F. Heggie nnd Ivon Lewis. (1) Benign calcified epithelioma of skin. (2) 
CEsophagcal carcinomata. (3) Teratoma of anterior mediastinum. 

J. F, Hi:goie nnd I. Ilf. Tuck. Twin placenta ; hydrops foctalis in one of 
Rh-positivo binovular twins, 

B. A. D. SxocKnn. E.viioriinonta on di-p)msie variation in salinonellnj. 

A. iotI^G. An easy method of constructing perspex museum jars. 

• *1. Fry. Influence of medium on limmolytic streptococci grown on blood- 
agar plates. 


Abstracts 


614 . 71— 095 . 37 : 576: 851 - 21 
STREPTOCOCCI IN THE AIR OF OCCUPIED SCHOOLROOMS 


R. E. 0. IFrtjjAMs and Ann Hircii 
Central Public Health Laboratory, Colindalc, London 

The TOe of mouth streptococci to indicate respiratory pollution of air was 
apparently first suggested by Gordon (1904) ; but although Gordon’s oxperi- 
niental observations have frequently been confirmed, none of the advocates 
of the test has attempted to demonstrate any correlation between tho strepto- 
coccal count of the air of occupied places and tho sicloiess prevalence among 
the occupants. A trial of air purification in elementary schools oEfored us an 
oppor uni y or testing this correlation, and wo accordingly dov'eloped a 
teclmque for the recognition of airborne streptococci. TJiis technique is the 
subject of the present note. 

mmg a slit-sampler modified from that described by Bourdillon, LidweU 
and Thomas (1941), we collected the airborne bacteria on to a medium consisting 
of nutrient agar with 6 per cent, horse serum, C per cent, sucrose, 0-00025 per 
cent, crystal violet and 0-001 per cent, potassium tellurite. Hie plates were 
meubated for 40 hours at 37° C. So far as could be determined, this medium 
permitted the growth of the great maj’ority of streptococci collected on it, and 
inhibited 86 per cent, of the total aerobic flora of tho air, including all staphy- 
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lococci. ino«t micrococci, nnd mnn}' sporo-bcaring and colifonn bacilli nnd 
moulds. In tlio presence of tbo Pucroso, the lovnn-profiucing Ftrcptococei 
referred to bv Sherman, Niven nnd Smiley (1943) as Str. galivariufi formed 
mucoid colonics 2-4 mm, in diameter, by v.-bieh they could readily bo recognised. 
Of the other colonics that developed on the medium, only nbout 10 per cent, 
were streptococci, nnd the exact proportion was determined in each wimple by 
picking a random sample of the colonics into drops of nigrosin for microscopic 
examination. 

With this routine we examined the relation of tbo total streptococcal count, 
estimated from the microscopic morphologj- of a sample of the colonics, nnd of 
the Str. saUvarhis count, to the amount of talking and phy.oical ncti\-ity among 
the children in the rooms, graded on an arbitrarj- scale. The relationship 
appeared to be linear, nnd the standard partial regression coefBcients on talking 
and aetb-ity respectively in a series of 273 observations were : total streptococci 
-f 0-32S and -i-O-OTO ; 'S(r. salivariug 4-0-374 nnd 4-0-070 ; and in the some 
rooms the regressions of the total aerobic count on scrum agar were -fO-154 
and -f 0'20o. The regressions of the streptococcal counts on talking and of the 
total count on activity were all bighlj- significant. 

By further examination of 2095 colonics on plates from 30 rooms, the 
organisms growing on the selective medium could be classified os follows 

(а) Alpha- or non-hsemoij'tic streptococci that failed to grow on blood- 
or senim-agar containing 40 per cent, of bile formed 8-02 per cent, of the colonies 
(0-83 per c. ft. air). Of these, 29 per cent. (2-33 per cent, of all colonies ; 0-24 per 
c. ft.) were levan-producing Str, salivarius ; the remainder could be classed as 
viridans streptococci. 

(б) Typical ^-hffimolj’tio streptococci made up 0-1 per cent. (0-01 per c. 
ft.). Groups (a) and (6) appear to be largely mouth tj-pes of streptococci. 

(c) Alpha-, fi- or non-li£Emolj4;ic streptococci that flourished on serum agar 
containing 40 per cent, of bile made up 1-73 per cent. (0-18 per c. ft.). Of 
58 tested, 39 reduced methylene blue in mUk, and 8 of the 16 so far tested 
reacted with a Lancefield group-D serum. This group clearly contains a number 
of fseeal types of streptococci. 

(d) Practically all the remaining 90-15 per cent. (9-35 per c. ft.) were pleo- 
morphic Gram-positive cocci, arranged in pairs or small clusters but never in 
chains, growing in semi-translucent colonies 0-5-1 -0 mm. in diameter and 
producing a zone of greenish discolouration on blood agar. Their catalase- 
production was very weak and practically all the strains grew on 40 per cent, 
bile agar. We regard them as micrococci, though they almost certainly 
correspond to the “ putative streptococci ” of Buchbinder, Solowey and 
Solotorovsky (1938). 


In our experience it is very unusual to find bile-tolerant streptococci or 
a-hsemolytic micrococci in the mouth and throat, and all such strains should 
therefore be excluded from an index of respiratory pollution of air. This can 
conveniently be done by subculture of the colonies from the selective medium 
to a blood-agar plate poured with a ditch of serum agar containing 40 per cent, 
of bile. In our samples practically all the strains that failed to grow on the 
bile agax proved to be viridans or salivarius types of streptococci. For a routine 
rnethod, however, this is very wasteful of time, and it seems preferable to use 
the number of levan-producing Str. salivarius in an air sample as the indicator 
of respiratory pollution rather than the number of total or a-hsemolytic 
streptococci. This has the advantage that Sir. salivarius can be recognised 
y colonial morphology alone without any possibility of confusion with fecal 
streptococci or with the a-h®molytic micrococci that greatly outnumber 
occupied places. It has the disadvantage, however, 

Ifeir 20 100 ^<aivarius usuaUy present, large volumes 

ot air, e.g. .zo-ioo c. ft., have to be sampled. 
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R. J. LxJDroitD, J. S^^u:s nntl P. V. \Vi;i,cii. Dintrlljution of n\iclootide3 during 
mitosis in mnlignnnt colls. 

R. D. Passhy, L. D.MOOuow.sia, W. T. Asmuny nnd R. Rehd. Biological 
observations in electron microscope studies of liigh-brcast-cnnccr strain 
tissues. 

C. V. HAiini.soK. Primary pulmonary hypertension. 

E. J. King, 13. JI. Wrigut onri .S. C. Rav. Attempts to prevent experimental 
silicosis witli aluminium. 

A. G. E. Prarsi:. The nature of Riiasoll bodies. 

J . S. Yoixkg, C. E. LT:rM.SDi:N and A. L. .Stai.ki:r. The estimation of the “ tissue 
pressure” of normal nnd neoplastic tis,^ues in the rabbit. (Cinematograph 
film.) 

J. W. WiiiTTiCK. iBolated amyloidosis of the Irnclien nnd bronchi. 

R. E. Rewelr. (1) Carcinoma of the ovary in a goose. *(2) Squamo-sobaeeous 
carcinomas in tlio akin of a polecat {Putorhia putoriu/t). *{3) Sweat gland 
tiunour in a cotton rat (Sigmodon hispidum). (4) Lymphatic Icukicraia 
in an African brush-tailed porcupine {AtliFriini.t ajricmntn). 

R. Rodda. a case of spina bijidn with moningo-myelocele nnd the Arnold- 
Chiari malformation jiroducing hydrocephalus. 

J. F. Heggie and Ivon Linvi.s. (1) Bonigri calcified epithelioma of skin. (2) 
OEsophngcal carcinomata. (3) Teratoma of anterior mediastinum. 

J. F. Heggie and I. M. Tuck. Twin placenta: hydrops foctnlis in one of 
Rh-positivo binonilar twins. 

B. A. D. Stocker. Experiments on di-phasic variation in salmoncll.'o. 

A. YotTNG. An ea.sy method of constructing perspex museum jars. 

R. Itl. Fry. Influence of medium on hfcmolytic streptococci grown on blood- 
agar plates. 
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STREPTOCOCCI EST THE AIR OF OCCUPIED SCHOOLROOMS 

R. E. O. WiLEiAMS and Ann Hircr 

Central Public Health Laboratory, Colindalc, London 

The use of mouth streptococci to indicate respiratory pollution of air 
apparently first suggested by Gordon (1904) ; but although Gordon’s experi- 
mental observations have frequently been confirmed, none of the advocates 
of the test has attempted to demonstrate any correlation between the strepto- 
coccal count of the air of occupied places nnd the siclcness prevalence among 
the occupants. A trial of air purification in elementary schools offered us au 
opportunity for testing this correlation, and we accordingly developed » 
technique for the recognition of airborne streptococci. This technique is H'® 
subject of the present note. 

Using a slit-sampler modified from that described by Bourdillon, LidweU 
and Thomas (1941), we collected the airborne bacteria on to a medium consisting 
of nutrient agar with 5 per cent, horse serum, 6 per cent, sucrose, 0'00025 per 
cent, crystal violet and 0-001 per cent, potassium tellurite. Tlio plates were 
incubated for 40 hours at 37° 0. So far as could be determined, this medium 
permitted the growth of the great majority of streptococci collected on it, and 
inhibited 85 per cent, of the total aerobic flora of the air, including all staphy- 
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nddwl to each tube mid, nftcr cnrofiil shiikinc to on'iiiro thorouch tni\inc, the 
tube^ ivcro incubated in a wator-batli for 2 hours. 

Tlio results u-cro road immediately after incubation, the tubes being tapped 
and shaken until tho deposited cells became rc-suspcndcd in the clear super- 
natant fluid. Reading u-ns fncilitatetl by using an oblique unilateral source of 
strong hcht isitU a dark background. 

Our experiments showed that all tho 32 virulent strains of H, pertussis 
tested agglutinated human red cells, irrespective of their blood group, up to a 
ddution of 1 in 8 to 1 in IG. Six a\drulent slrain-s of H. pertmsis did not cause 
acglutination. Suspensions of cultures grown for 24 and 48 hours rcgularly 
agclutinated red cells. Cultures grown for 72 hours seemed to have lost their 
agglutinatinc ability to a considerable extent. \Vc estimated the effect of 
different killing agents on tho haimagglutinating properties of the bacterial 
suspension. Bacteria exposed to 5C° C. for half an hour showed only a slight 
drop in their agglutinating power. Bacteria treated with mcrthiolato (1 : 10,000) 
or tricresol (0-3 per cent.) seemed to have their agglutinating properties con- 
siderably reduced, and those treated with 0-5 per cent, formol or 0-5 per cent, 
phenol lost them entirely. 

The agglutmation of red cells takes place at temperatures between 42’ 
and 50’ C. At 62’ C. some hasmolysis occurs after 1 hour. Tho anticoagulants 
heparin, citrate and oxalate seem to be equally suitable for this agglutination 
test. Blood defibrinated by shaking with glass beads can also be used, although 
the agglutmation end-pomts are lower than with anticoagulants. Tho optimal 
concentration of red cells in the suspension for reading the agglutination result 
is about 5 per cent. IVe tested the red cells of mice, guinea-pigs, rats and rabbits 
and found that those of the rat reacted with more dilute pertussis suspensions 
than the others. Human red cells gave the next highest end-points. Bed 
cells washed a few times with saline lose their agglutinability by H. pertussis. 
When tho supernatant fluid from the first washing was added to the thrice- 
washed non-agglutinable red cells, they again became ngglutinable. The water- 
soluble fraction of the red cells in the presence of which agglutination takes 
place IS heat labile. Heating of the washings at 60° C. for one hour destroys 
the agglutinable substance. 

My thanks are due to Jlr P, W. Muggleton and Jlr C. J. Ha 5 der of these 
Laboratories for their technical help. 
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576 . 8 . 093 . 31 : 576 . 8 . 095 . 16 

CONTROL OF A CONTAMINANT BY ADJUSTMENT 
OF ENVIRONMENT 


Jeax L. Yowkg, R. D. Stuabt and W. Wnsox 
From the Public Health Laboratory, Glasgow 


Most laboratory workers have encountered serious culture -medium con- 
mmination due to one specific type of micro-organism. GeneraUy the organism 
di^roears after some tnvial reorganisation of medium preparation and storage, 

5oblem^°S^^’ persistence becomes a major laboratory 

problem. The cultural characters of the contaminant placed it in the sublilis 



140 


PROCEEDINGS OF THE PATHOLOGICAL SOCIETY 


REFERENCES 


BouiiDrt.i.ON, R. B., Ltd\vi:ll, 
O. i\I., A^•T) TjroMAS, J. C. 
BuCIIBI^'DI:R, L., SOBOWKY, 
MATiriLDn, AKD SOBOTOnOVSKY, 

Gordon, M. H 

SuRRSfAN, J. M., Niven, C. F., Jr.. 
AND SjrTEEY, K. L. 


1941. J. Hyg., Cnrnb., xli, 197. 

193S. Avxcr. J. Pub!. Hllh., xxviii, 01. 


1904. Rop. .Mcfl. Off. Locnl Gov. Bd., 
1902-03, London, p. 421, 

194.3. J. Bad., xlv, 249. 


576 . 8 . 097 . 34 : 576 . S51 . 46 {H. pertussis) 
AGGLUTINATION OF RED BLOOD CORPUSCLES BY //. PERTUSSIS 

J. Uno.ar 

Research Divi.’iion, Glaxo Laboratories Ltd., Grernford, Middlesex 

In a previous report (Ungnr nnd Muirglolon, 1948) methods of differentmting 
between virulent nnd nvirulent strnins of Ho'inophiltis pertussis were described. 
These ineludcd, in addition to the mousc-viridenco test nnd ngclutinntion 
titre, alkali and bile solubility nnd preeipitnbility with aluminium phosphate. 
Tlie mechanism of those phenomena is not clearly understood, but there are 
indications that it is based on the differenco in eheinienl composition between 
virulent and avirulent strains. Growth requironients of virulent nnd nvirulent 
strains on somi-sjmthetic media (.Tames, 1949) differ considerably nnd this 
certainly has a bearing on the structure of the bacterial coll. The report of the 
Australian workers (Keogh et ah, 1947) on tho ability of \-irulont pertussis 
strains to agglutinate rod blood cells soemod to us an additional important 
method of differentiation between virulent nnd nvirulent strains, nnd worth 
further investigation. 

AVe tried suspensions of freshly isolated H. pertu.ssis strains, grown for 
24 and 48 hours, for their action on human red colls. Bnetorin suspended in 
saline in small test-tubes at 37° C. and kept for 1-2 hours did not, however, 
show any red-cell agglutination. AVo tried red colls in liopnrinised blood from 
different blood groups, supplied by courtesy of Drs Allott nnd Hillman of 
Lewisham L.C.C. Hospital, but without success. It seemed, therefore, that 
we could not obtain tho results claimed by tho Australian workers. 

At this juncture it occurred to us to place the tubes containing red cells 
and bacterial suspensions in a wnter-bnth nt 40° C. Agchitination then ensued 
within 2 hours, irrespective of the typo of cells used, being therefore one of tho 
thermophile reactions which take place nt liigher temperntures. Having 
established tho basic conditions for the occurrence of agglutination, wo next 
investigated the factors concerned in the agglutination, with tho following 
results. 

Strains wore grown on Bordet-Gengou medium unless otherwise stated. The 
organisms were harvested from the slopes with saline, the suspension centrifuged, 
the clear supernatant discarded and tho organisms ro-susponded in saline to 
give a concentration equivalent to about 6000 million organisms per ml. Serial 
dilutions from 1 in 1 to 1 in 16 of the suspension in 0-6 ml. quantities were 
prepared in Lambeth tubes of constant size and boro. 

Heparinised blood (heparin 1 : 100,000) was centrifuged, tho supernatant 
plasma discarded and the packed cells re-suspended in saline by gentle shaking. 
This was again centrifuged for about 5 minutes at moderate speed and the 
supernatant washings removed. The packed cells were again re-suspended in 
fresh saline to give a 5 per cent, concentration, O-l ml. of the susjiension was 



or GUr.AT BRITAIX AXD IHRLAND 


141 


ndtlwl to each tuhe and. after careful phaking to enpuro thorouch mixinc. the 
tubop were incubated in a vrater-bath for 2 hours. 

Tlie results were read imme<liately after incubation, the tubes beini; tapped 
and shaken until the deposited cells became rc-suspcndc<i in the clear .super- 
natant fluid. Bending was facilitatotl by using an oblique unilateral source of 
stronc licht with a dark background. 

Our experiments showed that all the 32 vinilcnt strains of //. pcrtiisiis 
tested agglutinated human red cells, irrespective of their blood group, up to a 
dilution of 1 in S to 1 in 10. Six avimlcnt strains of H. pcrlussU did not cause 
agglutination. Suspensions of cultures grown for 24 and 48 hours regularly 
neclutinatcd red cells. Cultures grou-n for 72 hours secmeel to have lost their 
acclutinating ability to a considerable extent. Wc estimated the cfiect of 
different killing agents on the hremngglutinnting properties of the bacterial 
suspension. Bacteria exposed to 50° C. for half an hour showed only a slight 
drop in their agglutinating power. Bacteria treated with merthiolate (1 ; 10,000) 
or tricresol (0-3 per cent.) seemed to have their agglutinating properties con- 
siderably reduced, and those treated with 0-5 per cent, formol or 0-5 per cent, 
phenol lost them entirely. 

The agglutination of red cells takes place at temperatures between 42’ 
and 50’ C. At 52’ C. some haemolysis occurs after 1 hour. Tlie anticoagulants 
heparin, citrate and oxalate seem to be equally suitable for this agglutination 
test. Blood defibrinated by shaking with glass beads can also be used, although 
the agglutination end-points are lower than with anticoagulants. The optimal 
concentration of red cells in the suspension for reading the agglutination result 
is about 5 per cent. We tested the red cells of mice, guinea-pigs, rats and rabbits 
and found that those of the rat reacted with more dilute pertussis suspensions 
than the others. Human red cells gave the next highest end-points. Red 
ceils washed a few times with saline lose their agglutinability by H. pertussis. 
When the supernatant fluid from the first washing was added to the thrice- 
washed non-agglutinsble red cells, they again became agglutinable. The water- 
soluble fraction of the red cells m the presence of which agglutination takes 
place IS heat labile. Heating of the washings at 60° C, for one hour destroys 
the agglutinable substance. 

5Iy thanks are due to 5Ir P. W. JIuggleton and Mr C. J. Hayter of these 
Laboratories for their technical help. 
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576 . 8 . 093 . 31 : 576 . 8 . 095 . 16 

CONTROL OF A CONTAMINANT BY ADJUSTMENT 
OF ENlTRONilENT 

Jeah L. YotrsG, R. D. Stuaet and W. Wilsok 
From the Public Health. Laboratory, Glasgow 

Most laboratory workers have encountered serious culture-medium con- 

micro-organism. Generally the organism 
some trivial reorganisation of medium preparation and storage 
proble^'°^e^prft“ case, its persistence becomes a major laborator^ 

tural characters of the contaminant placed it in the subtilis 



142 


PROCEEDINGS OF THE PATHOLOGICAL SOCIETY 


group and seemed nearest to tlioso of Bacillus cerrus (Breed, ^Iiirraj’ and 
Hitchens, 1948). On plates luscd for the cultivation of gonococci it appeared in 
12-24 hours as n flat moist rhizoid colony which rapidly spread ns n confluent 
film over the entire pinto. It was never noticed on other tnedin. Each swnb 
for gonococci was cultureel on two blood-ngar jilntcs (Moffett, Young and 
Stuart, 1948), which woro made slightly softer than usual. Cultures were 
incubated in biscuit tins with tightly fitting lids, and CO. was provided from 
marble chips dropped into 20 per cent. IICI kept in containers within the tins. 
The soft ngnr and the moisture present in the cultural environment wore both 
found to be directly contributory to the worst feature of the contaminant — 
its spreading growth. The organism was not present in the specimens and 
apparently gained entrance during the proccs.s of plate inoculation, but it 
rapidly became so ubiquitous that it tlirentenod the continuation of this branch 
of diagnostic work. The following steps woro taken in an endeavour to 
eliminate it. 

Disinfection of local environment. The organi.sm was present in culture tins 
and meubators, on benches and in wall cupboards. Tins woro autoclaved 
regularly and incubators and so forth were scrubbed ropentodly with 5 per cent, 
lysol. Afterwards the organism could not bo culturc<l from the various surfaces, 
yet the incidence of plate contamination was practically uninfluenced. 

Investigation and attempted control of source. The nature of the organism 
suggested that the animal house, which was mthin the laboratoiy building 
and on the same floor, and particularly liny fodder, might bo possible sources. 
Attempts to isolate it from tliis area failed. I’lio organism seemed to bo present 
only in the room used for gonococcal work. Its recovery from the white coats 
and dusters used by workers in this room led to the dafiy sfcrilisation of these 
articles. Sterile hoods and rubber gloves were worn. Again, the organism 
was discovered in the face powder of one of the lady workers in the affected 
room. This source was eliminated. None of these procedures had more than 
a dubious and temporary effect in reducing the contamination. All internal 
sources of the contaminant seemed to bo eliminated except, of course, its own 
remarkable multiplication whenever it established itself on culture media. 
External air contamination wn.s feasible, but could not bo confinned, nor could 
it be eliminated, as the windo^vs had metal frames and wore not airtight. 
Accordingly, all gonococcal cultures were prepared inside a glass and metal 
bench cabinet which was irradiated wdth ultra-violet before and after u«e. 
In addition cultures w’oro ns far as possible completed before culture plates 
were examined. Only a slight temporary improvement was obtained. At this 
stage, with the use of gowns, gloves, hoods, and protected and disinfected 
environments, the contaminant was only reduced but not conquered and the 
original source remained imdiscoverc<l. 

Adjustment of environment. The only course loft lay in alteration of the 
immediate cultural environment. The organism required moist conditions to 
initiate its spreading growth. On gonococcal culture plates in the open incubator 
it grew as a discrete colony which did not spread. Successful gonococcal cultures 
required a moist environment and incubation in closed containers to maintain 
the concentration of CO 2 , but attempts were made to reduce the progressive 
increase of moisture in this environment during incubation by removing one 
obvious source. The acid container was taken out of the tins after all COj 
had evolved, or gas was supplied directly from a Kipp’s apparatus. While 
all the precautions on sterility were maintained, a number of culture plates 
were incubated in parallel and on alternate days under these conditions (table I). 

Both new measures produced a slight drop in the incidence of the contaminant 
but the result was still unsatisfactory. At this point one of us (W. W.) suggested 
the applicability of commercial moisture-control methods whereby constant 
humidities are obtained in closed compartments by water interchange with 
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did not absorb CO. and innintninwl a low humidity— 15 por cent, at 20 C. 
according to the Merck Index (1040). A raturatod eolutiou in a Bmall benk.-r 


Table I 

Effect of environment on incidence of contarixinants 




1 

Contnmlrnnts 

V.nxlronm-nl 

No. oT 

— 




Xo 

Perc' ntacf 

1 

CO. from acid .... 

94 


9-G 

CO- from acid ; acid container 

64 

4 

C-2 

removed 




CO. ns gas from Kipp’s apparatus 

179 

0 

50 


was placed in a large desiccator along with the culture plates and prepared 
CO. was supplied. The preliminary results were so good that they suggested 
tridl under ordinarj- laboratorj' conditions. The elaborate sterility precautions 
were abandoned and a further series of plates was cultured on. the same principle 
as the pre^dous series (table II). 

Table H 


Effect of stabilisation of humidity oti the incidence of contaminants 


1 Environment 

( 

' Contaminants 

j 

No. 

j Percentage ^ 

CO. from acid .... 

I 

92 1 

18 

1 19-6 i 

CO. from acid ; acid container 

170 1 

20 

11-8 j 

removed 



1 t 

CO. as Eas from Kiun’s apparatus 

298 i 

o 

1 0-7 ! 

-i-LiCl 

i 


1 ! 


Eesiilt statistically significant (P = 0-001). 


These results showed that the abandonment of sterility precautions was 
associated with a distinct but relatively constant increase in the incidence 
of contaminants under ordinary conditions but that contaminants were almost 
completely eliminated by LiCl-controlled hmnidity. Gonococcal cultures were 
xmaffected. 

Summary 

Recurring contamination of gonococcal plate cultm-es with an organism 
resembling Bacillus cereus could not be controlled or eliminated by any of the 
usual procedures. Stabilisation of the humidity of the atmosphere in which 
the cultures were incubated by the use of a saturated solution of lithium chloride 
proved effective. 
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group and seemed nearest to those of Bacillus cereus (Breed, Jlurray and 
Hitchens, 1948). On plates used for the cultivation of gonococci it appeared in 
12-24 hours as a flat moist rhizoid colony which rapidly spread as a confluent 
film over the entire plate. It was never noticed on other media. Each swab 
for gonococci was cultured on two blood-agar plates (Moffett, Young and 
Stuart, 1948), which were made slightly softer than usual. Cultures were 
incubated in biscuit tins with tightly fitting lids, and CO 2 was provided from 
marble chips dropped into 20 per cent. HGl kept in containers within the tins. 
The soft agar and the moisture present in the cultural environment were both 
fotmd to be directly contributory to the worst feature of the contaminant — 
its spreading growth. The organism was not present in the specimens and 
apparently gained entrance during the process of plate inoculation, but it 
rapidly became so ubiquitous that it threatened the continuation of this branch 
of diagnostic work. The following steps were taken in an endeavour to 
eliminate it. 

Disinfection of local environment. The organism was present in culture tins 
and incubators, on benches and in wall cupboards. Tins were autoclaved 
regularly and incubators and so forth were scrubbed repeatedly with 5 per cent, 
lysol. Afterwards the organism could not be cultured from the various surfaces, 
yet the incidence of plate contamination was practically iminfluenced. 

Investigation and attempted control of source. Tlie nature of the organism 
suggested that the animal house, which was within the laboratory building 
and on the same floor, and particularly hay fodder, might be possible sources. 
Attempts to isolate it from this area failed. The organism seemed to be present 
only in the room used for gonococcal work. Its recovery from the white coats 
and dusters used by workers in this room led to the daily sterilisation of these 
articles. Sterile hoods and rubber gloves were worn. Again, the organism 
was discovered in the face powder of one of the lady workers in the affected 
room. This source was eliminated. None of these procedures had more than 
a dubious and temporary effect in reducing the contamination. All internal 
sources of the contaminant seemed to be eliminated except, of course, its own 
remarkable multiplication whenever it established itself on culture media. 
External air contamination was feasible, but could not be confirmed, nor could 
it be eliminated, as the windows had metal frames and were not airtight. 
Accordingly, all gonococcal cultures were prepared inside a glass and metal 
bench cabinet which was irradiated with ultra-violet before and after use. 
In addition cultures were as far as possible completed before culture plates 
were examined. Only a slight temporary improvement was obtained. At this 
stage, with the use of gowns, gloves, hoods, and protected and disinfected 
environments, the contaminant was only reduced but not conquered and the 
original source remained imdiscovered. 

Adjustment of environment. The only course left lay in alteration of the 
immediate cultural environment. The organism required moist conditions to 
initiate its spreading growth. On gonococcal culture plates in the open incubator 
it grew as a discrete colony which did not spread. Successful gonococcal cultiues 
required a moist environment and incubation in closed containers to maintain 
the concentration of COg, but attempts were made to reduce the progressive 
increase of moistme in this environment during incubation by removing one 
obvious source. The acid container was taken out of the tins after all CO 2 
had evolved, or gas was supplied directly from a Kipp’s apparatus. While 
all the precautions on sterility were maintained, a number of culture plates 
were incubated in parallel and on alternate days under these conditions (table I). 

Both new measures produced a slight drop in the incidence of the contaminant 
but the result was still unsatisfactory. At this point one of us (W. W.) suggested 
the applicability of commercial moisture-control methods whereby constant 
humidities are obtained in closed compartments by water interchange with 
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saturated solutions of various salts. Lithium chloride was selected because it 
did not absorb CO. and maintained a low humidity — 15 per cent, at 20° C. 
according to the Merck Index (1940). A saturated solution in a small beaker 

TABtE I 

Effect of environment on incidence of contaminants 


Contamimnts 


Ennronment 

Xo of plaloa 1 — 

1 

Xo 

! 

Percentage 

CO, from acid .... 

94 1 

9 

1 9-6 

CO. from acid ; acid container 

64 

4 

' 6-2 

removed 




CO. as gas from Eiipp’s apparatus 

179 

9 

5-0 


was placed in a large desiccator along with the culture plates and prepared 
CO. was supplied. The preliminary results were so good that they suggested 
trial under ordinary laboratoiy conditions. The elaborate stenhty precautions 
were abandoned and a further series of plates was cultured on the same prmciple 
as the previous series (table H). 

tabie n 


Effect of stabilisation of humidity on the incidence of contaminants 


Ennronment 

^ Contaminants 

oi piaies 1 

( 

Xo 

Percentage 

1 

CO, from acid .... 

92 1 

18 

1 

' 19 6 

Co, from acid ; acid container 

170 

20 


removed 




CO. as gas from Kipp’s apparatus 
-LiCl 

298 1 

i 

2 

07 i 

1 1 

1 


Result statistically significant (P = 0 001). 


These results showed that the abandonment of sterility precautions was 
associated^ with a distinct but relatively constant increase m the incidence 
o contaminants under ordinary conditions but that contaminants were almost 
completely eliminated by LiCl-controUed humidity. Gonococcal cultures were 
unaffected. 

Summary 

res^^l™”^^ contamination of gonococcal plate cultures with an organism 
mg Bacillus cereus could not be controlled or eliminated by any of the 
the^ P™ccdures. Stabilisation of the humidity of the atmosphere in which 

nrniL-^ were incubated by the use of a saturated solution of hthium chloride 
proi ed effective. 
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6i6 — 032 . 021 . 6 : 611 . 778 : 576 . 893 . 192 . 6 

{Plasmodium cynomolgi) 

THE FATE OF SPOROZOITES OF PLASMODIUM CYNOMOLGI 
INJECTED INTO THE SKIN OF RHESUS MONKEYS 

O. C. Lloyd 

Department of Pathology, University of Bristol 
and 

T. SOMMEBVrLLiE 

The experiments on which this paper is based were originally an attempt 
to find exo-erythrooytic forms of a malarial parasite in monkeys by repeating 
the experiments of Huff and Coulston (1944) which were successful in birds. ^ 
Huff and Coulston foimd that sporozoites of Plasmodium gallinaceum injected 
into the wing skin of chickens entered large mononuclear cells resemblmg 
histiocytes and there developed schizonts. Two generations of asexual develop- 
ment were thus passed before overt blood infection began. This observation 
seemed to provide an answer to the mystery about what happened to malarial 
parasites during the incubation period : the parasite was imdergoing schizogony 
in cells of the reticulo-endothelial system. We repeated these experiments, 
using P. cynomolgi in Macaca mulatto, trying not to lose sight of the sporozoites 
after injection. Huff and Coulston (1947) later did the same thing and were 
equally unsuccessful. Our experiments, however, are worth desoribmg, as 
they throw some light on the means by which the mammalian tissues dispose 
of living particulate matter. 


Experimental procedure 

Sporozoites were obtained by grinding up the bodies of infected mosquitoes 
(Anopheles annularis) in monkey serum ; about 50 bodies to 0-25 c.c. This 
dose was equally divided and injected subcutaneously into two areas on the 
abdominal skin of a monkey, which was named the “ donor.” Nineteen monkeys 
were so treated. Three sets of observations were made : — 

1. After an interval ranging from seconds to minutes, hours or days, one 
of the inocula was excised and fixed in formol-saline for histological examination. 

2. After a similar interval the other inoculum was excised and placed m 
the subcutis of an uninfected monkey, which was named the “ recipient.” to 
this way we hoped to find how long viable sporozoites remained in the skin 
inoculum. 

3. At various intervals, an 3 d;hing up to 20 c.c. of heart blood was removed 
from the donor monkey and injected, usually intravenously, into a second 
uninfected monkey to see whether it would develop malaria, thus indicating 
the presence of sporozoites in the systemic blood of the donor. 


Results 

(For the full tables, see Lloyd, 1948) 

1. Sporozoites were found histologically in the skin inoculum in evep^ one 
of 12 biopsies taken up to two hours after injection and in none of 7 biopsies 
taken 4 hours to 8 days after injection. 

2. The recipient monkey developed malaria after receiving inocula of t e 
following ages : 2, 4, 6, 8, 10 and 30 minutes, 1 and 2 hours ; and failed 
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develop malaria after receiving inocula 15 and 20 minutes and 4, 8 and 16 hours 
and 1, 2, 3 and 8 days old. In similar experiments. Hawking (1948) was able to 
see sporozoites at the site of inoculation up to 4 hours 20 minutes after injection. 

3. Evidence of circulating sporozoites was obtained only twice in 22 blood 
subinoculations done within the first day of sporozoite inoculation into the 
donor monkey. These were after intem-als of 20 and 40 minutes ; 7 of the 22 
were done within the first 5 minutes of sporozoite inoculation and were all 
negative. After 9 daj’S, of course, the blood of the donor became infective as 
a result of the circulating erythrocjdic parasites. 

Morbid anatomy. For us the interest in these experiments lies in the way 
in which the sporozoites disappear. The crucial specimen was that removed 
after 2 hoTirs, because not only was this the last one to show sporozoites, but it 
was also the last to be infective for another monkey on subinoculation. Moreover 
it had an imusually long incubation period in the recipient monkey — 31 days 
instead of the usual loifi days. 

This biopsy after two hours shows separation of the inoculum into its liquid 
and solid components. The liquid can easily be identified owing to its content 
of melanin granules derived from the mosquito’s fat-body. Superficial and 
deep to the inoculum there is a brisk inflammatory-ceU infiltration, consisting 
chiefly of neutrophil leucocytes, which are invading the inoculum. But whereas 
sporozoites were easy to find in large numbers in the uninvaded portion of the 
liquid part of the inoculum, veiy few could be seen in the portion which had 
been invaded by inflammatory ceUs. 

All the eridence suggests that the sporozoites are kflled at the site of 
inoculation between 2 and 4 hours after injection, probably by some lytic 
action of the leucocj-tes, since phagocytosis of sporozoites could not be seen to 
occur, and that infection of the blood stream must take place before about 

hours. By this time histological examination shows the inoculum to be 
effectively walled off by the inflammatory-cell infiltration. The rmusuaUy long 
incubation period in the recipient after two hours may be due to “ siclmess ” 
of the sporozoites, which had been almost killed in the body of the donor. 


Discussion 

The question arises : do the sporozoites leave the site of inoculation by the 
blood vessels or by the lymphatics ? Though we did no experiments to prove 
it, we must assume that they left by the lymphatics. Inflammation renders 
the capillary endothelium quickly semi-permeable, but not to bodies of the 
size of sporozoites (12x1 y.). Moreover, the movement of sporozoites is not 
directional ; it only helps to prevent the sporozoite from sticking to contiguous 
objects, so that there is no good reason for assuming that sporozoites can enter 
the capillaries from the tissue spaces. Besides, this is not the most usual method 
by which the tissues get rid of oedema fluid and particulate matter. Bames 
and Trueta (1941) showed that substances of molecular weight 20,000 or more, 
includmg bacteria, travel from the tissues to the blood only by the lymph 
stream. They also showed that inflammatory oedema greatly increases the 
flow of lymph, which begins in a few minutes and is maximal after 1 or 2 hours, 
dependmg on the acthity of the part. It is probable, therefore, that sporozoites 
T' obsorbed by the lymph channels in the same wav as bacteria, reaching 
the blood by way of the thoracic duct. Technical difficulties prevented us from 
demonstmtmg sporozoites in the l.vmphatic fluid by cannulating this duct. 
Ihe results of blood submoculation are in conformity with this hypothesis. 

ihese observations must not be taken to have anv bearing on the question 
of what bap^ns to the sporozoites when the mosquito bites. Gordon and 
Lumsden (1939) vntched Aides ccgypti taking blood from the web of a frog’s 
foot. Sometimes it plunged its proboscis straight into a capiUarv, in which 
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case the feed was rapidly completed ; at other times it lacerated a capillary 
and drew blood from the pool which formed in the connective tissue. 'V^Tiether 
the same process takes place in the monkey bitten by an Anopheles, we do not 
know. However, if the blood vessel is indeed cannulated by the anopheline 
proboscis, the sporozoites will gain direct entry to the blood stream. Fairley’s 
(1945) observation that the blood is infective at the time of biting supports this 
view. If, on the other hand, the mosquito feeds from a pool of blood, the 
sporozoites will gain entry by way of the lymphatics, assisted by the inflammatory 
oedema caused by the irritant action of the mosquito’s saliva. This method 
would be analogous to our injection by needle, which provided no evidence of 
sporozoites circulating in the blood stream immediately after injection. 


Conclusions 

Experiments to follow the fate of sporozoites derived from groimd-up 
mosquitoes injected into the subcutis of monkeys showed that no sporozoites 
remain in the inoculum for more than 4 hours. We give reasons for concluding 
that they reach the general circulation by the l 5 rmphatics, any remaining at 
the site of inoculation after about 2 hours being killed by the inflammatory 
reaction. It must not be taken that this conclusion applies to sporozoites 
injected into the skin by the bite of a mosquito, in so far as the route by which 
they reach the general circulation is concerned. 


These experiments formed a small part of the work done by the Mammalian 
Malaria Enquiry rmder the direction of Lt.-Col. H. W. Mulligan, I.M.S. (retd.), 
at Kasauli in India. The work was sponsored by the Government of India, 
the Defence Department, the Indian Research Fund Association and the Royal 
Society. 

REFERENCES 


Babnes, J. M., and TatHETA, J. . 
Fatrdey, N. H 

Gobdon, R. M., and Ldmsden, 

W. H. R. 

Hawking, F 

HtJKF, 0. G., AND CODXSTON, F. . 

99 99 99 79 

Ldoyd, O. C 


1941. Lancet, i, 623. 

1946. Trans. Roy. Soc. Trap. Med. and 

Hyg., xxxviii, 311. 

1939. Ann. Trap. Med. and Parasitol., 
xxxiii, 269. 

1948. Nature, clxi, 175. 

1944. J. Inf. Dis., Ixxv, 231. 

1947. J. Parasitol., xxxiii (suppl.), 27. 

1948. Tliesis for the degree of M.D., 

University of Cambridge. 


6l6 . 5 — oo6 . 468 : 599 . 742 . 4 {Putorius putorius) 

MULTIPLE SQUAMO-SEBACEOUS CARCINOMAS OF THE 
SKIN IN A POLECAT, PUTORIUS PUTORIUS 

f 

R. E. Rewbdl 
Zoological Society of London 

The subject was an adult male, acquired in August 1942, which died in 
June 1948, i.e., aged at least six years. It was noticed to have sessUe ulcerated 
tumours, crusted with blood, on the outer side of the right hind leg, the back 
of the neck and under the tail near the root. The largest was about 4 cm. m 
diameter. They were all quite mobile and appeared to be attached only to 
the skin and not to deeper structures. The animal was long-haired and shy 
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and its keeper was unable to say for how long the tumours had been present. 
Surgical removal of the leg tumour was attempted, but so large a raw surface 
would have been left that it was decided to destroy the animal at once. 

Sections of the tumours showed the main background to consist of squamous 
cells -a ith marked development of cell nests. At the sm-face there had been much 
ulceration in places, with haemorrhage and infection. A well-marked formath-e 
layer of the rete was present beneath the surface and this appeared to differentiate 
mto cells of two t\-pes, one squamous, forming large sheets of cells with well- 
marked keratinisation in places, the other resembling exactly the cells of normal 
sebaceous glands. These formed rounded areas arranged in groups smrounding 
roughly-demarcated spaces lilte the central areas of normal sebaceous glands. 
Many cells intermediate between these types were evident near the formative 
layer. 

Many cells of both squamous and sebaceous type, but especially the latter, 
were in process of mitotic dir'ision, and from this, as well as the irregular nature 
of the growth, it was clear that the tiunour was malignant. 


6i6 . 564 : 599 . 323 (Sigmodon hispidvm) 

SITOAT-GLANTD TUMOUR EST A COTTOX RAT, 
SIGMODON HISPIDUM 


R. E. Rewell 
Zoological Society of London 


Tlie subject, an adult female cotton rat, was bom in the Zoological Gardens 
on 30th June 1946 and died there on 28th August 1948. At necropsy, extensive 
bilateral bronchopneumonia was found, with a large abscess of some age in the 
upper anterior mediastinum, cultures from which yielded Proteus vulgaris and 
Staphylococcus albus. There was also what was mistaken for an enlarged lymph 
node in the right inguinal group. This was ovoid, some 2 cm. long, and of a 
uniform, rather fatty consistency. It lay superficial to the lymph nodes and 
just beneath the sldn, to which it did not appear to be attached, nor did it 
invade any other stmetures. 


Section of the mass revealed a tortuous adenoid structure composed partly 
of tubules lined with epithehum, but mainly of papiUiferous processes clothed 
with a single layer of epithelial cells applied to a fine fibrous stroma richly 
supplied with blood vessels. In a few places the epithelium was several layers 
thick and even one or two sheets of cells were formed. The epithelial cells 
were uniformly cuboidal, with rather large pale nuclei. Hsmorrhage had 
occurred in several places and here many macrophages were foimd, some of 
them laden with blood pigment. 

The tumour would appear to have been benign or of only low malignancy. 

Many sweat-gland tumours have been reported from dogs, but not from 
ro onts, although these animals do possess sweat glands. In the present case 
tuc site of the tumour is on an extension of the “ milk line ” and so the primary 
been a sinall mammary gland rather lower down the body than 
a or e species. Xo nipple was noticed there at necropsy. It seems best 

tf'"’ ° the tumour provisionally to the less specialised sweat gland 

than the more specialised mammarv gland. 
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A CASE OF DIFFUSE PLASIMOCYTOSIS WITH 
DEPOSITION OF PROTEIN CRYSTALS IN THE 
KIDNEYS 


H. SiKL 

From the let Department of Pathology, University of Prague 

(Plates XXXI-XXXHI) 

It has long been knoAvn that multiple myeloma in a majority of cases 
is attended by peculiar disturbances in protein metabolism. Kahler 
(1889) is given credit for having been the first to point out the 
coincidence of Bence-Jones proteinuria with the disease which now 
bears his name. Although some doubts were expressed later as to the 
specificity of Bence-Jones proteinuria, it seems, according to Apitz 
(1940b), that most of the instances which have been brought forward 
against it were in fact cases of unrecognised or misinterpreted myeloma. 
It must be kept in mind that (1) the cells of myeloma may differ 
considerably from typical plasma cells owing to blastomatous anaplasia, 
and (2) the existence of diffuse plasmocytosis without manifest tumour 
formation has not been recognised until recently. 

Bence-Jones proteinuria, however, is not the sole manifestation 
of disturbed protein metabolism. Perlzweig et al. (1928) showed that 
in most cases of myeloma there is an increase in blood proteins — a 
hyperproteinaemia. Magnus-Levy (1931-1937), who in a series of 
papers dealt with the various aspects of metabolic disturbance in 
m 3 'eloma, pointed out that while hyperproteinaemia may be indicative 
of m\’eloma, there are in fact several diseases in which an increase in 
plasma protein may be found, particularly kala-azar. The amount 
of plasma protein in myeloma may be as high as 18-37 per cent. 
(Foord, 1934-35) instead of the normal 7 or 8 per cent. 

As to the component of the plasma proteins responsible for this 
rise, :\Iagnus-Lev 3 * found it to be mainly euglobulin ; several observers, 
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however, found it to be pseudoglobulin. Magnus-Levy expressed 
the view that the increase is the result of an over-production of normal 
serum proteins in the bone-marrow. 

Later, substantial objections were raised to this conclusion, as 
von Bonsdorif etal. (1937) found in the serum of their patient a protein 
which differed in many respects from aU normal components, and 
particularly in its self-flocculation and crystaUisation ; it was 
considered by these authors to be foreign to the blood. A similar 
conclusion had been reached by Wintrobe and Buell (1933) on the 
basis of the antigenic properties of the protein isolated from a patient 
with myeloma. This particular substance, however, is by no means 
identical with Bence-Jones protein, its molecular weight being much 
higher. As a matter of fact, Bence-Jones protein has so far been 
demonstrated in the blood only on rare occasions and then only m 
small quantities, certainly not sufficient to account for the high-grade 
hyperproteinsemia. 

Another aspect of the disturbance of protein metabohsm is the 
rather frequent occurrence of atypical amyloidosis in myeloma : 
something like 40 cases of this association are on record. For this, 
Picchini and Fabris (1930) coined the term paramyloidosis, a term 
which was introduced into the German literature by Strauss (1933). 

In 1940(h) Apitz submitted the whole question to a very thorough 
analysis, based on biochemical as well as morphological data. He 
concluded that the tumour cells of myeloma themselves produce a 
whole range of abnormal proteins, all of which are “ blood-foreign.” 
Owing to this quality, they are excreted by the kidneys, partly as 
Bence-Jones protein, itself by no means a single well-defined substance, 
partly as proteins of higher molecular weight. In other cases the 
abnormal protein is deposited in the tumour or in various organs in 
the form of paramyloid. In Apitz’s opinion the plasma cells in 
general are the producers of the serum proteins, while in myeloma 
this function is disturbed to the point of giving rise to pathological 
products. For this disturbance he suggests the term paraproteineemia, 
while the excretion of these proteins by the kidneys he calls para- 
proteinuria. Some years later Brass (1942-43®, 1944) dealt with this 
subject in much detail. He came to almost identical conclusions to 
those of Apitz, though differing in some minor points. In one of 
his cases there was Bence-Jones proteinuria without hyperproteinmmia ; 
this of course did not mean that the blood proteins were qualitatively 
normal. 

Both Apitz and Brass, attacking the problem from the morpho- 
logical point of view, were successful in demonstrating certain 
histological facts, hitherto unknown, which they interpreted as 
indicating paraproteinaBmia in addition to or in the absence of para- 
myloid. In the tumour cells of some cases they foimd acidophihc 
droplets, as had previously been reported by Parkes Weber (1903). 
Globular bodies were seen by Brass lying free amongst the cells and 
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also in the plasma ■n’ithin the vessels. He further reported droplet-like 
masses inside the stellate cells of the liver. All these structures 
resembled Russell’s bodies or hj^aline droplets, as seen in the epithelium 
of the kidneys, both in shape and in staining properties. In Apitz’s 
view they are best accounted for by the colloidal process of coacervation 
(Bungenberg de Jong, 1932), and Brass actually gives a picture of 
coacervates of Bence-Jones protein in the urine — ^the globuhtes 

of Magnus-Levy — ^which are very similar to those he found in his 
microscopical sections. The particular staining properties, which 
include acidophilia and selective staining by a modified Weigert s 
method for fibrin, do not indicate chemical identity but a s imil ar 
colloidal condition. 

Still more interesting though much rarer is the findin g of crystalline 
material microscopically. Intra- and extracellular crystals were first 
seen in a myelomatous tumour by Glaus (1917), while in Abrikossoff 
and Wulff’s case (1927) they were situated outside the cells only. 
Steinmann (1939-40) found crystalline inclusions in tumour cells in 
a sternal marrow biopsy from a case of leuksemic plasmocytoma. 
Apitz (19406) described a similar finding in two of his cases (1613/39 
and 314/45), the second of which was one of diffuse plasmocytosis. 
Brass reported three instances of intracellular crystals in tumour cells 
and in two further cases crystals were found, not in the plasmocytes 
themselves, but lying loose in their midst as well as in histiocytes 
and fat-ceUs, and inside the blood-vessels of the bone-marrow. It 
is to be noted that crystalline inclusions in plasmocytes do not occur 
exclusively in myeloma but have been seen also in rhinoscleroma by 
Freifeld (1913) and others. 

Stfil rarer seem to be crystalline deposits outside the tumours. 
Brass (1942-43a) described very remarkable instances of this kind in 
his cases 9 and 12, where there were crystals in the endothelial cells of 
the lymph-nodes, in the loose fibrous tissue and, in one case, in the 
stellate cells of the liver. 

It is impossible to give here a complete review of the multifarious 
findings ; for details one must refer to the original papers. We would 
only add that the crystals behave in the same way as the hyaline 
droplets to a variety of staining methods and are doubtless of protein 
nature. Apitz found that they were stained by Congo red, but this 
was not confirmed b}^ Brass. 

In addition to the organs so far mentioned, both hyaline and 
cr 3 ^stalline deposits may be foimd in the kidneys as a restdt of para- 
proteinuria. It has been known for a long time that in almost all 
cases of myeloma with Bence-Jones proteinuria the kidneys show 
damage of differing degrees. Many patients with myeloma die of 
urjeniia.^ Since von Decastello (1908-09) gave the first description 
of the myeloma kidney, ’ a series of papers has been published on 
this subject. In advanced cases the kidnevs show much fibrosis and 
.shrinkage, vhich Bohnenkamp (1922) and others ascribed to blocking 
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of the tubules by casts of special appearance. In view of this assump- 
tion, which makes the process akin to hydronephrosis, with the 
difference, however, that the lesions are focal in character, Ehrich 
(1932) introduced the term nephrohydrosis. Perla and Hutner (1930), 
on the contrary, stated that the shrinking was due to concomitant 
arteriosclerosis ; this view, however, is \not shared by any of the 
other workers in this field. The easts are often surrounded by foreign- 
body giant cells, a phenomenon which is uncommon with casts of other 
origin and is indicative of the pathological quahty of the protein 
excreted. 

The contracted kidney, however, represents an advanced stage 
of the disease. In more recent cases changes are seen which Randerath 
(1934-35) has classified as nephrotic. The epithehal cells are filled 
with hyahne droplets and the basal membrane of the glomerular tufts 
may show thickening. There is little doubt to-day that the droplets, 
which are also seen in glomerulonephritis, ordinary amyloidosis and 
common nephrosis, are due to excretion by or filtration of protein 
through the glomeruli and to its partial resorption by the epithelial 
cells of the tubules. It must be stressed that notwithstanding their 
origin they stain in the same way as in Bence-Jones albuminuria. 
Randerath believed that the formation of casts was secondary to 
the glomerular lesions, which tended to check glomerular filtration. 
This was opposed by Apitz, who thought that the casts were produced, 
in part at least, by primary coacervation of the protein excreted. 

Cases in which the casts had a definitely crystalline character, 
have been observed much more rarely. The first observation of that 
kind is credited to Lohlein, who in 1913 showed the slides of his case 
at the meeting of physicians and scientists in Vienna but pubhshed 
his paper only in 1921. Up to the present 13 cases only have been 
recorded {vide infra). It seems, however, that the lesion is not so rare 
as may appear from the scarcity of pubhshed cases. Apitz saw it 
twice in 18 cases of myeloma and Brass twice in 15 cases. From these 
figures one may infer that the appearances have often been overlooked 
by others. This may warrant the description of a case of the kind, 
in spite of the fact that we have given the pathology of myeloma in 
general far less thorough study than either Apitz or Brass. In 
none of the seven additional cases of multiple myeloma or plasmo- 
cytosis which we have studied since could we find crystals in the 
kidneys. 

Case report 

R. S., a 57-year-oId charwoman, was first admitted to the hospital of the 
District Health Insurance Association on 7.3.41, 3 years before she died. Her 
main symptoms were due to an acute respiratory infection, with broncho- 
pneumonia which cleared up within a week. In addition to the acute illness, 
rather severe anfemia was noted and a systolic murmur was heard over the 
apex of the heart. The patient was discharged after a week’s stay but was 
instructed to report again in a fortnight. 
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Fig. 1. — Plasma cells in smear from sternal puncture. Giemsa’s stain. X 600. 
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On the second admission (31.3.41) the blood-count -svas 2-1 million red cells 
•svith colour index 1-07. A sternal marrow biopsy was also made, but the report 
has unforttmately been lost. After her discharge she was treated in the out- 
patient department until 1944 with injections of a liver preparation. The 
red cell count showed some improvement at first, the red cells rising to 3"5 milli on 
in 1942. Later, the course was slowly but steadily down hill, and on 12.5.44 
the red cells fell to 0-66 million, and the colour index rose to 1-38. During the 
whole time the white blood-cells showed no particular changes except for 
eosinophiha, reaching at one time 15 per cent. Plasmocjdes were never recorded. 
The patient was once more admitted to the in-patient department owing to 
her complaint of weakness and tiredness, dyspnoea and coughing. A sternal 
puncture made on 24.5.44 showed almost exclusively plasmocytes of rather 
typical form (fig. 1). A tentative diagnosis of myeloma was made, although 
no tumours could be found on X-ray examination. The condition of the patient 
grew steadily worse and she developed oedema and albuminuria. From 26.6.44 
on several occasions Bence-Jones proteinuria could be demonstrated. The 
patient was given several blood-transfusions, but these brought no improvement, 
and she died on 7th July 1944, at the age of 57. 

Clinical diagnosis : — Hyperchromic ancemia : myeloma ? 

Post-mortem examination 

The post-mortem (1190/44) was performed 24 hours after death 
by Dr Bene§ova. The body was that of an elderly, slender, rather 
emaciated woman. Both lower extremities were cedematous and 
showed several hyperaemic areas on the shins, where the epidermis 
was sloughing off in big scales. There was also some cedematous 
swelling of the neck. The sclera and the upper part of the body 
showed low-grade jaundice. 

There was nothing particular about the cerebral cavity and its 
contents except for deffoite anaemia of the brain. No tumoxus were 
found in the skull, but the hone-marrow appeared rather dark red. 

The lungs were cedematous and the bronchi contained frothy 
serous fluid. In the right middle lobe there was a calcifled primary 
tuberculous lesion and the regional lymphatic gland in the bi'l nm was 
also partly calcifled. 

The right heart showed definite hypertrophy, the muscle of the right 
ventricle being up to 6 mm. thick. The weight was 580 g. There 
was a patent foramen ovale 3x2 cm. wide. There was some thicken- 
ing of the aortic cusps. Post-mortem coagula were rather bulky in the 
right heart and had the usual appearance. The tongue was fairly 
normal, the tonsils slightly scarred, and some lacunae contained plugs. 

The spleen was considerably enlarged (780 g.) On section the 
tissue was dark red with a brownish hue, and rather firm. 

The kidneys were of normal size, weighing together 360 g. Their 
surface showed hardly noticeable granulation. On section the cortex 
was broTO-red with some greyish stripes and somewhat transparent • 
the pyramids were dark red, otherwise normal. 

No special lesions were found in the rest of the urogenital system 
intestine or pancreas. The gastric mucosa showed an averao^e grade 
of autodigestion. The gall-bladder was bulky and contained a quantitv 

J. rvTlI. UACT.— VOU LXl ^ 

K 2 



154 


H. SIKL 


of dark brown bile. In the mucosa were some whitish streaks, due 
to lipoid deposits. 

The liver was fairly large (1700 g.), with some gross lobulation 
on the surface but httle scarring on section. The parenchyma was 
yellowish brown with a rusty tint. 

The aorta and larger arteries contained a few arteriosclerotic 
plaques. 

The bones were definitely porotic, with their corticahs rather 
thinned. The ribs broke readily. The bone-marrow in all parts 
examined (sternum, ribs, several vertebrae and left femur) was cherry 
coloured. No tumours were found an3rwhere. 

The results of the post-mortem examination were rather dis- 
appointing, since the expected multiple myelomata were not found. 
On the other hand, the findings did not quite conform to Addison’s 
anaemia,- as there was no atrophic gastritis or Hunter’s glossitis. It 
was only on microscopic examination that the real nature of the 
condition became apparent. 

Histology 

Bone-marrow. In the cancellous bones the bone-marrow is almost 
entirely cellular, containing a small number of fat-ceUs only, whereas 
in the femur fat-cells are rather numerous. The bulk of the cellular 
tissue lying among them consists of fairly uniform cells, polygonal, 
rounded or oblong, with round or sHghtly oval nuclei, situated 
eccentrically (figs. 2 and 3). The average diameter of the cells is 9 /j-, 
the diameter of the nuclei ranging betw^een 4 and 1 y. A few cells 
contain tw^o nuclei. The cytoplasm is highly basophilic, staining dark 
violet with Giemsa’s solution in Zenker-fixed material. In alcohol- 
fixed material stained wdth Unna-Pappenheim’s methyl green-pyronin 
the cjdoplasm appears deep red. In many of the cells an ill-defined 
unstained area is seen on one side of the nucleus. With higher 
magnification the cytoplasm is found to be studded with vacuoles 
of variable size, the contents of which stain pink with eosin. The 
nuclear membrane is thick, and the chromatin appears as coarse 
particles which are often contiguous to the membrane. These 
particles are mostly triangular in shape, though the typical spoked- 
wheel arrangement is well marked in only a small proportion of the 
cells. Some cells have relatively bulky nuclei with less coai’se chromatin 
particles ; such cells are not easily differentiated from the most 
primitive marrow cells. •• Nucleoli are rarely seen, being largely masked 
by the chromatin ; they are generally single and rather large, staining 
pinkish grey with hsematoxylin and eosin and reddish with Unna- 
Pappenheim. No Russell bodies or other acidophil inclusions are 
seen, and the Weigert-Pfister method gives a complete^ negative 
result. 

The cells so far described are diffusely and rather evenly distributed 
in all parts of the bone-marrow examined ; nowhere is there definite 



Plate XXXH 


. PATH B\CT.— VOL 1.X1 


Diixuse plasmocytosis 












-f * 

■» ■ "<! 

-a . A'*' <P ^ ^ 

■g'.<piV--®sri"'- -- o 

'i^' '• 




• 

^4 • 




r AH'? i •'■^• 


Jyt- 






f. A 

" iC' *9 -\ A '*'• 


j-jG. 3 . BoBe-marrow of femur. Atypical plasma cells. Methyl green-pyrODme. 

X580. 



I'lo. 4. — Xc‘!t of mj cloma cells from the renal medulla. The mmute crystals m their 
cytoplasm, veil shown in the stained section, are not readily made out in the 
photomicrograph. IVcigcrt-Pfister stain. X.jSO. 
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tumour formation or oven any tumour-like accumulation. Scattered, 
amongst the plasma cells are foci of normal blood-forming elements 
of both the red and vhite cell series. Very few megakaryocytes are 
encountered. 

Spleen. The pulp cells are swollen ; numerous partly decolourised 
red cells are seen engulfed in their cytoplasm, and there is also a 
rather large amount of- iron-positive blood pigment. The sinuses 
contain a good many foci of erythropoiesis. Atypical plasma cells 
are also seen, lying mostly inside the sinuses, singly or in small groups. 
The small arteries show some hyalinisation. Ljunphoid foUicles are 
small and scanty. 

Lymph-nodes {mesenteric and subtracheal). The sinuses are much 
widened and mostly filled ■^vith proliferated endothelial cells mixed 
with erj-throcytes. There are also a few granular ceUs resembling 
myelocytes, but no erythroblasts. The pulp cells are rather atrophic 
and secondary follicles are absent. In some of the strands there are 
fairty large groups of basophilic cells similar to those in the bone- 
marrow except that they show greater polymorphism, particularly 
of the nuclei, some of which are much larger. Binucleated cells are 
also more numerous than in the bone-marrow. In some places the 
accumulations of these cells appear almost like tumours of microscopic 
size. In the sinuses only some isolated cells of this kind are encoimtered. 
More frequently ordinary plasma cells are seen and there are a few 
cells with roimd pyknotic nuclei the size of a lymphocyte, the bulky 
cytoplasm of which is stuffed with eosinophil granules. In one 
section stained with hrematoxylin and eosin a peculiar ceU is found 
in a pulp strand amid an accumulation of the pathological cells ; 
this cell, probably a histiocyte, has an eccentrically placed pale nucleus, 
and the cytoplasm is filled with very minute pink-staining crystalline 
granules. This finding, however, cannot be duplicated in any other 
section. The Weigert-Pfister method failed to show anything note- 
worthy. 

In the subtracheal nodes several small foci of calcification are seen, 
obviouslj’’ healed tubercles. 

Liver. The lobular arrangement is somewhat irregular, even 
apart from the fibrous strands. There are patches of moderate fatty 
change irregularly distributed but mainly centrolobular. The liver 
cells contain much finely granular iron-positive pigment. The sinusoids 
are engorged and their walls slightly thickened, and the peri-capillarj- 
spaces of Disse are clearly seen everywhere. The endothelial and 
stellate cells are somewhat swollen : few of them contain iron-positive 
pigment. In some sinusoids groups of erjdhroblasts are seen. A fair 
number of isolated atj-pical plasma cells are also encountered, freelv 
suspended in the blood of the sinusoids. The Weigert-Pfister staiii 
does not disclo^ any foreign material in the Kupffer cells or elsewhere. 

Kidneys. The genial pattern is fairlv well preserved but the 
interstitial tissue is diffusely increased, particularly in the meduUa. 
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In the cortex there are some poorly defined areas of tubular atrophy, 
with accentuation of the fibrosis, mostly corresponding to individual 
nephrons. Single glomeruh are completely hyalinised. The interstitial 
tissue is rather acellular except for some minute accumulations of 
lymphocytes in the areas of atrophy and a few foci of erythropoiesis 
in the medulla. There is low-grade thickening of the intima in the 
middle-sized arteries and sUght focal hyaline change in some arterioles. 

The majority of the glomeruh appear almost normal except for 
very shght thickening of the basal membrane of the tufts and the 
fibrous capsules ; there is also some swelling of the epithehum of 
both glomeruli and capsules. The capsules are somewhat distended 
and contain finely floccular, faintly staining material. 

With the low power the proximal convoluted tubules outside the 
atrophic foci appear httle changed, but the cytoplasm of the epithehal 
lining is highly granular. The lumina of most of the tubules contain 
floccular masses similar to those in the capsules. Many of the loops 
of Henle and the distal convoluted tubules are distended with a 
pathological substance, composed of polymorphonuclear leucocytes 
in rare instances, but mostly of finely granular detritus or hyahne 
casts. The latter have a glassy, highly refractile appearance ; with 
Masson’s trichrome they stain more or less deep blue, and some of 
them contain bright red inclusions. 

What renders the lesion particular^ striking, however, is the 
presence of crystalline deposits in some of the tubules. These are 
inconspicuous in sections stained with heematoxyfin and eosin, in 
which they are coloured pink : by the van Gieson method they are 
stained yellow and again are indistinct. With Masson’s trichrome, 
on the other hand, they are very prominent, being stained bright red 
(fig. 5). The best method for their demonstration, however, proved to 
be Pfister’s modification of Weigert’s stain for fibrin. With this method 
aU the crystals acquire a deep violet colour (fig. 6). In polarised light 
a faint double refraction is noticed in some of the larger crystals. 

The renal tissue had been fixed in formol-Muller. In other blocks- 
fixed in alcohol the contours of the crystals appear smudged. This, 
in our opinion, is due to incomplete fixation of the protein, which 
later, on staining, had been partly dissolved. The crystals, however, 
are certainly not soluble m alcohol. 

Single crystals have the shape of thin prismatic plates, which 
for the most part are packed closely together. As they are generally 
cut transversely, they usually appear as thin needles, but in moving 
the micrometric screw one clearly notices that they are in fact plates. 
Their size shows much variation ; the biggest are up to 80 /x long and 
30 /LX broad. Often they are bent or otherwise deformed which is 
probably due to dehydration of the tissue. The edges sometimes 
show irregular erosion. Some isolated crystals, bigger and better 
preserved, appear on cross section as narrow prisms with flat pyramids 
at both ends. 
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Fig. 5. — Protein crystals inside the tubules of the kidney. Masson’s trichrome stain. 
Kodak Ectachrome film. X 320. 



1 u.. G. Protein rrjMnls in tlie cjtoplasm of the epithelium of tiie proximal convoluted 
tubules. Meigcrt-Pfisterctam. Kodak j;ctachrome film. X270. 
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Some of the crystals lie singly or in groups inside tubules which 
contain no other material. For the most part, however, the crystals 
are surrounded bj'' detritus, more rarely by leucocytes, or are embedded 
in casts. Their position in the nephrons coincides with that of the 
casts, that is to say, they were found in the loops of Henle and rarely 
in collecting tubules, but most of them are in the distal convoluted 
tubules. The epithelium of tubules that contain detritus, casts or 
crystals is flattened or detached from the basal membrane ; rarely 
it is entirely missing. In other involved tubules it has proliferated 
shghtly. Giant cells are encountered on rare occasions. 

In addition to those seen in the lumen, similar though usually 
much smaller crj^stals are found inside the epithelial cells linin g the 
proximal tubuli contort! . They are seen in sections stained by 
Masson’s method, but are mostly masked by other cytoplasmic 
granules staining gre}’’. It is only after Weigert-Pfister staining 
that the extent of this lesion can be appreciated (fig. 6). The size 
of the crystals is very variable. Some nephrons contain minute 
specimens on the verge of visibility ; in others they are both much 
larger and more numerous. Sometimes a single cell appears to be 
stuffed with crystalline material. Here the shape of the crystals 
is rather that of thin needles, but small prisms are also seen. No 
crj^stals or other Weigert-staining corpuscles are foimd in the glomeruli. 

In some sections stained in this way small groups of neoplastic 
plasma cells are encoimtered in the medulla ; their cytoplasm, too, 
is filled with very tiny needle-shaped crystals (fig. 4). 


Discussion 

The microscopical examination left no doubt that this was a case 
of diffuse plasmocytoma (plasmocytosis), involving, in addition to 
the bone-marrow, the internal organs, particularly the liver, spleen 
and lymph-nodes. Apitz (1940a) was the first to call attention to this 
particular form of overgrowth of bone-marrow plasma cells. He is 
certainly right in saying that such cases are by no means exceptional 
but may easily escape attention at the post-mortem. 


y e have more recently had a similar experience at the autopsy of another 
case, a woman aged 67, who died of urajmia. Except for some osteoporosis 
no gross changes were seen in the bones. The kidneys, however, showed fibrosis 
of unusual appearance which directed our attention to the bone marrow, and 
on microscopic exammation the diagnosis of diffuse plasmocytosis was 
estaUished. The renal lesion was that of a rather advanced myelomatous 
nephrosis but without crystalline deposits. 


Apitz says that even in a definitely neoplastic myeloma the rest 
of the bone-marrow often shows diffuse infiltration with plasma-cells. 
In fact, he believes that diffuse plasmocrdosis generaUy precedes the 
development of tumours, which, indeed, represent a later stage of the 
disease. 
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In rare instances of diffuse plasmocytoma the pathological cells 
are found in the peripheral blood ; such cases are referred to as 
plasma-ceU leukaemia. In the present case no plasma cells had been 
reported in any of the numerous blood-counts, although in the post- 
mortem material they were encountered inside the blood vessels of 
both hver and spleen. 

The most outstanding feature of the present case, however, was 
the finding of crystalline deposits in the kidneys. 

As already mentioned, Lohlein was the first to report this phenomenon in 
a man aged 50 with multiple myeloma (table). He saw rhomboid crystals 
inside the tubules of a highly fibrosed kidney. As there was also rather sev'ere 
Bence-Jones proteinuria, he concluded that the crystals consisted of this 
particular substance. In 1920-21 Koch made a similar observation in a 44-year- 
old man with prostatic hypertrophy. In his short communication he did not 
mention any changes in the bones or bone-marrow. Commenting on Koch s 
demonstration, Fischer (1920-21) briefly mentioned a similar case, without 
giving details. Behsteiner’s case (1922-23) was that of a female aged 67 who 
had suffered from albuminuria and died of uraemia. No test for Bence-Jones 
protein seems to have been made and nothing was said about microscopic 
examination of the bone-marrow. Grmn and Mahle (1938) found crystals in a 
case of what they called megakaryocytic myeloma ; from their microphotographs, 
however, it appears to have been an atypical plasmocytoma. 

Apitz was the first to demonstrate crystals inside the epithelial cells lining 
the renal tubules. The second of his two cases is interesting in that it was an 
extramedullary plasmocytoma with paramyloidosis. Hartmann’s (1941) two 
cases were diagnosed as achylic chlorajmia and aleukfemic Ijunphadenosis 
respectively. Albuminuria was reported in the first case, but tests for Bence- 
Jones protein were not mentioned in either. The bone-marrow was examined 
in the second case only ; no plasma cells are said to have been found in Unna- 
Pappenheim-stained sections. Brass (1942-43a, 1943-44) found crystals in the 
kidneys of two of his cases, both of them cases of diffuse plasmocytosis. In the 
first, the crystals were situated inside the epithelial cells as well as in the hunen 
of the tubules, and also in various cells of the interstitial tissue ; in his second 
they were in the lumen only. The first case was remarkable also in that the 
urine tests for Bence-Jones protein were equivocal. In Miicke’s (1943-44) first 
case the diagnosis of chronic nephrosis was made both clinically and at autopsy. 
No test for Bence-Jones proteinuria had been made. Myelomas, in the author’s 
own words, “ were not demonstrated in bones so far examined.” Crystals were 
found in the lumen of the tubules ; they were definitely hexagonal on cross 
section. Miicke’s second case was one of multiple myeloma. The total serum 
protein was slightly above normal, but the albumin-globiilin ratio was much 
lowered. There had been rather severe albuminmia but tests for Bence-Jones 
protein were negative on several occasions. The small needle-shaped crystals 
were mostly intra-epithelial. 

On the basis of this survey one may question whether the formation 
of protein crystals in the kidneys is specific for myeloma, as in 6 of 
the 13 cases pubhshed no myeloma was found ^jost mortem. Nor 
were osteolytic tumours seen in Brass’s second case or our own, but 
microscopic examination of the bone-marrow disclosed diffuse plasmo- 
cytosis. Since in the observations of Kscher (1920-21), Koch (1920-21), 
Rehsteiner (1922-23), Hartmann (1941, 1st case) and Mucke (1943-44, 
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1 st case) the bone-marroAr -n'as not examined microscopicallj-, the 
possibility of these being cases of diffuse plasmocjdosis remains open. 
As a matter of fact, no instance of cr3*stalline deposits in the kidneys 
has been reported so far in which the bone-marrow proved to be 
normal microscopically save only the case of extramedullary plasmo- 
c%i:oma seen by Apitz. As to Hartmann’s second case. Brass believes 
it to be an instance of atj'pical plasmoc3'tosis, the occurrence of wliich 
was pointed out by Apitz. 

The composition of the crystals is still in doubt. The staining 
methods used cannot prove much bej'ond the notion that the crystals 
are protein in nature. Lohlein thought they consisted of Bence- J ones 
protein, but there is some doubt about this, since in Apitz s first 
and Mucke’s second case the protein in the urine was of a different 
kind. As was stated above, the paraproteins isolated from the blood 
which differ from Bence-Jones substance readily form crj’-stals. It 
maj" therefore be admitted that these substances are able to produce 
crvstals in the kidneys as well. On the other hand, the assumption 
of Brass that the smaller molecules of Bence-Jones protein are split 
off during the process of excretion cannot be dismissed. 

Brass maintains that in one of his cases the crystals were pure 
Bence-Jones protein because of their hexagonal form, which is 
characteristic of spontaneous or artificially induced crystallisation of 
that substance from the urine. However, it seems futile to depend 
too much upon the type of the crystals, since it is difficult to ascertain 
their geometric form in microscopic sections with sufficient exactness, 
and the descriptions given in most papers are rather vague on this 
point. Moreover the tj-pe of protein crystal is, in general, largely 
dependent on a number of accidental factors such as pH and the 
presence of mineral salts or other admixed substances. 

In our case the crystals were of a rather vmusual type, having 
the form of rectangular plates. Apitz, to whom we sent several sHdes, 
states in a personal communication that they are different from those 
in liis own as well as in all the other cases published. 

The kidnej’’ lesion was relativelj- httle advanced in our case ; it 
certain!}’ did not cause death bj* itself, the patient drmg of anaemia 
and heart failure. Such instances are certainly more favourable for 
studj’ing the genesis of the renal condition than the later stages of 
rile same process. The most outstanding feature was the presence of 
intracellular erj'stals in the epithelium of the proximal eonvoluted 
tubules, a condition which has been observed in a few instances onlv. 
M e agree with Apitz that the intracellular position of the em’stals is 
best explained by resorption of the pathological protein and not bv 
its secretion in situ. 

As to whether the renal condition should be classified as nephro'^is 
and not nephrohydrosis seems to us to be a purely academic question, 
and we are not inclined to stress it as Apitz does. However, it i« 
interesting to note the amount of interstitial h\-perplasia, which is 
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out of proportion to the relatively small number of nephrons blocked 
by casts or crystals ; this is difficult to explain. The arteriosclerotic 
changes in our case were negligible. 

In other parts of the body, including the bone-marrow, we failed 
to demonstrate crystals except for one rather questionable instance 
in a Ijnnph-node. Nor could we find any substances staining with 
Weigert’s method. This particularly applies to the plasma cells them- 
selves, with the exception of a small focus in the medulla of the kidney, 
the cells of which contained tiny Weigert-positive crystals. A possible 
explanation of this finding could be the assumption that the 
interstitium of the kidney was soaked with the resorbed pathological 
protein, which was stored by the plasma cells. Brass in one of his 
cases found crystals in the fibroblasts of the Iddney. As, however, 
the sections containing the crystals came from a block of tissue wliich 
had been fixed in formol-Miiller, whereas the bone-marrow and other 
organs had been fixed in Zenker and alcohol only, we are not inclined 
to give this isolated finding undue importance. The presence of 
foreign protein in the interstitium of the kidney may perhaps also 
account for the fibrous tissue hyperplasia. 

SujnviABY 

In a female aged 57 who had been suffering for 3 years from 
progressive hyperchromic aneemia resistant to liver therapy, sternal 
puncture disclosed the presence of plasma cells and tests for Bence- 
Jones proteinuria were positive. A tentative diagnosis of multiple 
myeloma was made, although no tumours could be demonstrated bj'' 
X-ray examination. 

At post-mortem, diffuse plasmocytosis of the bone-marrow was 
found, with foci of the pathological cells in the spleen, liver, kidneys 
and l3maph-nodes. The kidneys showed a particularly interesting 
condition, in that many of the tubules and most of the epithelial cells 
of the proximal convoluted tubules contained piotein crystals. This 
is the 14th case in which this finding has been recorded, though not 
in all of them was the presence of myeloma established. 
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TOLTIPLE PLASaLA. - CELL IMYELOIVIA WITH 
CRYSTALLINE DEPOSITS IN THE TIBIOHR 
CELLS AND IN THE KIDNEYS 


V. Netjmaxk 

From the Pathological Department, University of Brno, Gzechoslovahia 


(Plate 


The folio-wing is a short account of a second recent case of plasmo- 
cytic neoplasia, occurring in Czechoslovakia, in which enormous 
crystalliue deposits of protein -were present in the kidneys. 


Case bepobt 

Clinical hisfory 

A. P., a male aged 45 years, was admitted on 14th October 1948 to the 
medical clinic of Professor Stejfa, to whom I am indebted for the clinical data. 
The family history was -without significance. The patient had suffered from 
rheumatic disease since his 11th year. Later, from the age of 2S, he had 
tonsillitis every year. The present illness started in May 1948. Since that 
date he had been developing progressive tiredness, weakness and sleepiness, 
■with loss of weight. From September he suffered from dull pain in the liunbar 
region, mainly when in the recumbent postme. For some time before this he 
had had polyuria and nocturnal frequency of micturition ; otherwise liis main 
complaint was of drjmess in the mouth and foetor of the breath. 

On admission the patient, though a tall man {1-7 metres), weighed only 
45 kg., his weight prior to the beginning of the present illness having been 
S4 kg. Blood-pressure was 140/95. X-raj- examination disclosed areas of 
decalcification in the skull and pehds, wliile the long bones appeared normal. 
A diagnosis of multiple myeloma was first suggested, but later, on a hard nodule 
being found in the prostate, carcinoma of tliis organ -with bone metastases 
was thought to be more probable. Treatment -with agostUbin was therefore 
started but brought no relief. 

Laboratory data. The mine contained protein on several examinations, but 
the test for Bence-Jones protein was equivocal. A blood-cotmt on 20th October 
showed 3-13 n;ullion eiythroct-tes and 10,800 white cells (polymorphonuclears 
04, IjTnphocytea 40, plasma cells 2 and monocytes 2 per cent.) ; Hb. 70 per cent. 
Serum-protein I0-91 per cent. Xon-protcin nitrogen 1G2 mg. per 100 c.c. 
Later there wa?^iprogressive rise in the non-protein nitrogen up to 328 mg., 
and the patient died of urtemia on 2nd Xovember. 


Post-mortem examination 

This was performed by Dr E. Vanece^ 7 hours after death. The 
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foUowiiig findings were disclosed. 
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In the skeletal system there were numerous soft whitish tumours 
replacing the bone-marrow and destroying the bony tissue. The 
seventh rib on the right side showed a circumscribed swelling caused 
by a mass of white tumour tissue replacing the bone for a length 
of 2 cm. Smaller tumours of similar aspect were found in the calvarium 
and in the bone-marrow of the femur, while several vertebrae were 
diffusely infiltrated with growth. 

The liver, which was sUghtly enlarged (1720 g.), contained several 
greyish nodules the size of mill et seeds ; otherwise the parenchyma 
was rusty brown. The spleen (210 g.) was brick-red on section, with 
indistinct markings. The kidneys showed conspicuous lesions. They 
were markedly swollen, measuring 14-5x7x4 cm. The capsule 
stripped easily, leaving a smooth grey surface studded with yellowish 
dots and streaks. On section the cortex was broad and greyish, with 
irregular markings, but sharply delimited from the medulla, which 
was bluish red. Tests for amyloid gave a negative result. The pelvis 
appeared normal. The prostoie was only shghtly enlarged. It contained 
several whitish elastic nodules but showed no signs of mahgnant 
growth. The lymph-nodes were ‘ of normal size throughout. The 
remaining findings were unimportant. 


Microscopic examination 

Bone tumours. Smears made from a tumour in a vertebra at the 
post-mortem show plasma cells. Sections were made from tumours 
of rib and femur. The tissue is composed of round, oval and polygonal 
cells, 10-12 /i, in diameter, with markedly basophihc cytoplasm 
staining bluish gray with hsematoxyhn. The nuclei are relatively 
large and mostly situated eccentrically ; the chromatin is rather dense 
but sometimes appears segmented, and occasionally an indefimte 
spoked-wheel arrangement is noticeable. There are a few nuclei in 
mitosis and some of the larger cells have two nuclei. A certain number 
of particularly large cells with irregularly lobidated nuclei are 
encoimtered which have a superficial resemblance to Hodgkin giant 
cells but possess definitely basophilic cytoplasm. Small foci of 
necrosis consisting of ghost cells are scattered throughout the 
tumour tissue. 

In some of the tumour cells small rhomboid crystals are seen ; 
in others there are prismatic crystals of larger size, greatly distending 
the cell, so that the cytoplasm envelopes the crystal hke a thin 
membrane and the nucleus is much elongated. Besides the tumour 
cells proper there are rather numerous macrophages containing 
engulfed nuclear debris and granules of iron-positive blood pigment. 
These cells increase in number towards the periphery of the tumour. 
In sections stained for fibrin by Weigert’s method the intracellular 
crystals appear a deep violet ; in addition, numerous prismatic and 
needle-shaped crystals^ are seen Ijnng extracellularly between the 
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tumour cells. The other tumours so far examined have the same 
structure and they too contain intra- and extracellular crystals. 

Spken. The ceils of the red pulp are much increased in number, 
vhereas the Malpighian bodies are small and poorly delimited. Blany 
pulp cells have engulfed erythrocytes, and there is a large quantity 
of iron-positive pigment also present in them. Inside the distended 
sinuses are many myeloma (plasma) cells, some of them binuclear, 
but no crystals can be demonstrated. 

I/iter. The sinusoids are dilated and compress the trabeculm. 
The stellate cells are svoUen. Some sinusoids are filled with myeloma 
(plasma) cells arranged in rows. Both epithelial and stellate cells 
are heavily laden -svith iron-positive pigment. The Weigert stain 
fails to disclose crystals, but the Kupffer cells are found to contain 
small roundish granules. 

Myocardhm. Nothing particular is seen here except considerable 
interstitial oedema. The oedema fluid contains finely floccular or 
fibrillary masses which stain faintly with eosin. No amyloid is 
demonstrable by special methods. 

Prostate gland. Several fibroadenomas of typical structure are 
present but there is no evidence of malignancy. 

Kidney. The general pattern is much ^torted by an increase 
of the interstitial tissue which is rather densely infiltrated hy 


inflammatory cells of all kinds, mcluding polymorphonuclear and 
eosinophil leucocytes. The majority of the glomeruli, approximately 
four-fifths of them, offer a most unusual picture. The Bowman’s 
capsules are much distended and deformed by masses of rhombic 
and prismatic crystals (fig. 1) which also lie between the coils of the 
glomerular tuft, causing it to appear disrupted. Many renal tubules 
also are distended and contain similar crystals, which, however, are 
considerably larger on the average (fig. 2), some attaining a length 
of more than 400 y. They can be found in all segments of the nephron 
from the glomerulus to the ducts of Bellini, although their size graduallv 
decreases distally and, from the loops of Henle onwards, only small 
whetstone-shaped crystals are present. Most of the crystals are 
surrounded by giant-cells of fantastic form and their contours some- 
times appear irregularly eroded. 


The epithehum of the involved tubules is partly lost, partly 
flattened or detached from the basement membrane. These cells 
appear to be proliferating, and it is probably from them that the 
pant-cells have taken origin. There were also numerous giant-cells 
lymg apparently m the interstitium : these, which sometimes rather 
rpemble Langhans_ cej, contain conglomerates of small needle- 
shaped crystals It ^ difficult to say whether they are of mesenchymal 
ongin or ’^hether they represent remnants of destroyed tubMes. 
In the epithehum of some of the better-preserved tubules smaU 
granules can be demonstrated which stain by Weigerfc’s fibrin method 
The staining properties of the crystals are as fSlows. All of them. 
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even the smallest needles, are stained deep violet-blue by Weigert’s 
fibrin method. In Lugol’s solution they become brownish but do not 
stand out distinctly from the surrounding structures. It is doubtful 
if they show metachromasia with aniline dyes. The larger cr 3 ’^stals, 
but not the small needles, are also stained by Congo red, if 
differentiation with hthium carbonate has not been pushed too far. 
The adjacent giant cells also appear distinctly red. Sudan staining 
gives completely negative results. With polarised light some of the 
bigger crystals show shght optical activity. 

Discussion 

The chnical course of this case of plasma-ceU myeloma was unusually 
rapid, the interval between the first manifestation of symptoms and 
the death of the patient being only 6 months. It may be assumed, 
however, that the disease had started much earher, as the lesions in 
the kidneys were obviously rather advanced. 

The crystalline deposits in the kidneys were very extensive, some 
four-fifths of the nephrons being completely blocked. The massiveness 
of this particular lesion is duplicated only in Rehsteiner’s case (1922-23). 
The presence of crystals within the Bowman’s capsules seems to be 
unique. Another remarkable feature is the finding of crystals in 
the cells of the bone tumours ; this has previously been reported by 
Glaus (1917), Steinmann (1939-40), Apitz (1940) and Brass (1942-43, 
1943-44). 

The production of para-protein substances in individual cases of 
myeloma apparently shows great differences both in quahty and in 
quantity. The quahtative differences are indicated by the fact that 
in some cases para-amyloid is formed, whereas in others crystaUine 
deposits or hyaline droplets make their appearance. The composition 
of the abnormal serum protein as well as that of the substance secreted 
by the kidneys is also variable. Quantitative differences may be 
inferred from the rapidity with which the damage to the kidneys 
develops. Thus in some cases there is no renal lesion at all, whereas 
in others the patient dies of uraemia after a relatively short course, 
sometimes even before tumours have become clinically manifest. 

This is consistent with the general notion of neoplastic anaplasia, 
although the rate of para-protein production need not be paralleled 
by that of tumour growth. Our case is an example of extremely high 
production of para-protein, manifesting itself by definite liyper- 
proteinsemia as well as by the unusually severe renal damage that bad 
developed in a short lapse of time ; and also by the presence of crystals 
at the site of' para-protein production, namely in the tumour cells 
themselves. In contrast to this, the case of Sikl, described in the 
preceding paper, shows a very low gro-wth-rate of the tumour cells, 
which, instead of forming tumours, spread diffusely in the bone- 
marrow for more than three years. Here, the production of para- 
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protein must also have been much lower, as the lvidne3's showed onl}' 
the initial stage of the specific lesion. 

Another detail deserving comment is the accumulation of iron- 
reaction pigment in the spleen and liver. This was obviously* the 
result of hfemol3*sis, which had also led to definite though not excessive 
anneinia of h3'pochromic t3'pe. The ha^moh’sis ma3’’ be best accounted 
for b3- some toxic action of the metabolic products of the tumour 
cells. 

SUJIMARY 

A case of plasma-cell m3'eloma is reported in a man of 45, who died 
after six months’ illness. The principal clinical features were great 
loss of weight, considerable h3"pochromic anaemia, proteinuria without 
demonstrable Bence-Jones protein, and X-ra3' evidence of decalcified 
areas in the skull and pelvis. Two per cent, of plasma cells were 
present in the circulating blood. A discrete tumour (pIasmoe3i:oma) 
of the right 7th rib was regarded as the primal^' lesion. This had 
given rise to numerous secondary deposits in other bones, especiall3' 
the skull, vertebral column and long bones, and more diffuse metastatic 
involvement of the liver and spleen. The kidne3's show a most unusual 
condition. Protein crystals giving a positive reaction with Weigert's 
fibrin stain and occasionall3' showing also an affinity for Congo red 
■vrere present in the Bowman’s capsules and nephrons generally in 
amounts not hitherto recorded. Many of these crystals were of 
enormous size (up to 400 /x in length). Others of smaller size were 
present within man3' of the tumom cells. 
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THE EFFECT OF ^HTAIMIN C ON jirCJCOPOLY- 
SACCHAIIIDE PRODUCTION IN WOUND HEALING 

J. E. PEXiTEy and Bbigid II. Balboxir 

Human Nuirilion Research Unit, Medical Research Council 

(Plates XXXV-XXXVH) 

Histological studies of experimental wounds from vitamin C-deficient 
guinea-pigs have led to the conclusion that impaired healing is 
associated with failtire to form extracellular material (Wolbach, 
1933 ; Hunt, 1940-41). Similar results have been obtamed in human 
experiments (Crandon, et al., 1940 ; Himt, 1940-41 ; Medical Research 
Council, Accessory Food Factors Committee, 1948). 

Wolbach has described in some detail the appearance of sections of wounds 
from depleted guinea-pigs. He found that, although proliferation and migration 
of fibroblasts occurred, no extracellular material was formed. However, soon 
after the administration of ^dtamin C to the depleted animals a homogeneous 
amorphous material which stained blue with Mallory’s connective tissue stain 
appeared rormd the cells. This was followed rapidly by the formation of 
reticulin fibres embedded in the amorphous material. The production of this 
material is of interest, since it is the first indication that the repair process has 
been resumed. The chemical nature of this amorphous material was not 
established by AYolbach who, for convenience, called it amorphous coUagen. 
Sylv4n (1941), studying the formation of granulation tissue in wounds from 
normal animals, found that substances which stained metachromaticaUy with 
toluidine blue appeared very early in the repair process. The dye was considered 
to be specific for mucopolysaccharide sulphuric acid esters. The presence of 
mucopolysaccharides may be inferred from results of Bensley (1934) on the 
properties of the material extractable from granulation tissue. In chronic 
scur\'y, Meyer (1943-44) found that the metaehromasia of articular cartilage 
with toluidine blue was greatly reduced, due, he considered, to reduction of the 
chondroitin sulphate content. The “ homogeneous collagen ” of Wolbach 
may, therefore, be “ mucopolysaccharide,” the formation of which may be 
dependent on the supply of ascorbic acid. 

In this communication we report observations on the chemical 
nature of the extracellular material produced in the initial stages of 
noTtnal wound healing and give the results of experiments on the 
relationship between vitamin C and the formation of this material. 


Methods 

Grox^g gumea-pigs of approximately 300 g. weight were maintained on a 
basal vitamin C-free diet (Penney and Zih-a, 1946). For the study of normal 

3. t\.m. IliCT.— TOL. IXl 1-1 
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repair, the animals were given either 25 mg. of ascorbic acid daily or cabbage 
ad lib. in addition to the basal diet. Muscle woimds were made as described 
by Wolbach ; after given intervals the animals were killed by stunning and 
bleeding and the wound area taken for histological study. Twenty-three normal 
guinea-pigs were killed at daily intervals from the 4th to the 9th day after 
operation. The remaining animals were wounded after 13 days on the vitamin C- 
free diet and were either killed at daily intervals from the 5th to the 9th day 
after operation (17 animals), or injected intramuscularly with 25 mg. of ascorbic 
acid on the 7th day after wounding and killed 6, 12, 18, 24 or 48 hours later 
(11 animals). Immediately after death the wound area was excised, fixed in 
10 per cent, neutral formalin for 24 hours, in Helly’s fluid or in 80 per cent, 
alcohol and embedded in paraffin. 

For general histological studies the stains used were limmatoxylin and 
van Gieson, Foot’s modification of Bielschowsky’s silver impregnation method, 
Weigert’s iron hffimatoxjdin and Unna’s methyl-green pjTonin. 

For the demonstration of acid mucopolysaccharides, the metacliromatic 
staining properties of toluidine blue were utilised, following, usually, the 
procedure described by Sylven. We have found that there is a considerable 
variation between different batches of the dye. Some samples gave satisfactory 
metachromatic staining after ordinar5^ alcohol dehydration. With other 
samples the metachromasia, although visible when examined tmder water, 
was destroyed by alcohol, but in some eases could be preserved by using dioxane 
as the dehydrating agent. This variation in the behaviour of the stain may 
account for the different staining tecliniques reported in the literature. In this 
investigation every batch of dye was tested on control sections taken from 
the same block and only those which gave good metachromatic staining after 
alcohol or dioxane dehydration were used. 

Although the metachromasia with toluidine blue was originally believed 
to be specific for mucopolj’’saccharide sulphuric acid esters (Lison, 1936), it was 
later reported that this effect is also produced by nucleoproteins (Wislocki 
et al., 1947) and hyaluronic acid in high concentration (Meyer, 1947). We 
therefore attempted to increase the specificity of the method by observing the 
effect of hyaluronidase and ribonuclease on the substances which exhibit meta- 
chromasia. In the first instance de-paraffinised sections were treated with 
purified ox -testis hyalmonidase in one per cent, saline (activity 2000 M.C.U./ml.) 
or with one per cent, saline alone for four hours at room temperature 
(20°-22° C.). Sections from the same blocks were incubated with piuified 
ribonuclease (10 mg./lOO ml.) at pH 6-7 or with buffer solution alone for 
1 hour at 37° C. After treatment, all the sections were stained with toluidine 
blue and compared with the untreated sections. 


Results 

Normal group. In this group fibroblastic and vascular invasion 
of the clot was observed 4 days after wounding. By the 5th day 
several stages of the repair process could be seen in sections from the 
same wound. At the periphery of the wound, elongated and orientated 
fibroblasts were found associated with van Gieson-staining fibres. 
Mbroblasts which had advanced further into the clot were triangular 
or rhomboidal and were usually in the form of a syncytium. Stearns 
(1940) has reported that this arrangement precedes fibre formation. 
Associated with the fibroblasts were both fine and coarse reticulm 
fibres. After staining with toluidine blue, metachromasia was evident 
in the cytoplasm of the fibroblasts and in the extracellular material. 
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Fig. 1. — ^Xormal granulation tissue, showing fibrous metachromatic extracellular 
material and cj-toplasm of fibroblasts exhibiting metachromasia, Toluidine 
blue. X 290. 

Fig. 3. — Scorbutic “ granulation tissue,” sho^ving absence of metachromatic extra- 
cellular material and abnormal cell appearance. Toluidine blue. X 290. 



Fio. 6. — Granulation tissue from initially vitamin C-depleted animal following ascorbic 
acid administration, shoiving fine metachromatic fibres embedded in a pale meta- 
chromatic background. Taelve hours after ascorbic acid administration. 
Toluichne blue. X 700. 



10.— Xormal granulation tissue. Toluidine blue. x70. 

x M granulation tissue after treatment ’ivith purified testis hvaluronidase. 

1 oiuiclino blue, x 70. 
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Fig. 2. — Xonnal gramilntion tissue, 
showing tho argyrophil fibres 
usually associated with meta- 
chromasia. Foot’s modification 
of Bielschowsky’s silver stain. 
X2!10. 



Fig. 7. — Serial section to fig. 6, show- 
ing argjTophil fibres corresponding 
to metachromatic fibres. Foot’s 
modification of Bielscho-wsky’s silver 
stain. X 700. 




Fig. 4. — Abnormal vessel 
from scorbutic wound, 
showing absence of 
lumen. Weigert’s iron 
hiematoxylin. x 1890. 



J 


Fig. 5. — Abnormal vascular 
proliferation in scorbutic 
^oiind, showing heaping 
up of cells around patent 
vessel. Weigert’s iron 
ha'matoxyhn. X IS90. 
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A close correlation was noted between the distribution of newly formed 
fibres and the extracellular metachroraasia. In areas where the 
fibroblasts had migrated deeply into the clot, the metachromatic 
staining material was sometimes found in amorphous form with very 
fine argjTopliil fibres embedded in it. Usually, however, it had a 
fibrous structure, resembhng the pattern of both the fine and coarser 
reticulin fibres (figs. 1 and 2), suggesting that the argjwophil fibres 
themselves possessed metacliromatic staining properties. Towards the 
peripherv of the wound area, the coarser bundles of toned and van 
Gieson-staining fibres were clearlj' metachromatic. On increasing the 
post-operative period to 9 days, more van Gieson-staining fibres were 
observed. As these fibres mature, they^ lose their metachromatic 
staining properties (c/. Sj’lven). 

In addition to the metachromasia associated with fibroblasts, areas 
of amorphous material which gave the characteristic metachromatic 
staining could be found far removed from the cells in the depth of the 
wound. 

Depleted- group. MTien sections of wounds from this group taken 
five days after operation were examined, it was found that some 
fibroblastic proliferation had occurred. The cells had migrated into 
the clot, but as noted by Wolbach they were very abnormal in form 
and distribution. They were pleomorphic and rarely attained the 
characteristic appearance of normal fibroblasts. INIany cells had small 
densely staining nuclei and scanty amounts of cytoplasm, while in 
others a hyperchromatic nuclear membrane surrounded an almost 
clear nucleus with no nucleolus. Cells with large vacuoles, generally 
found near those engaged in phagocytosis, are probably histiocytes ; 
in some areas these were the predominating cell types. Very small 
vacuoles were sometimes observed in the abnormal fibroblasts ; these 
appeared to correspond to small fat droplets found in frozen sections. 

The distribution of the cells in the wound area differed greatly 
from that found in normal wounds. The fibroblasts were generally 
separated and never formed a syncytium except in small areas near 
the periphery of the wormd. In these areas the cell form closely 
resembled that of a normal fibroblast. 


Although the cells had proliferated and migrated into the clot, 
very little extracellular material had been formed (fig. 3). .Since, 
on increasing the post-operative period up to 9 days, no further 
attempts at repair appeared to be made, the following remarks refer 
to sections taken over the whole period studied. 


Small areas of reticulin fibres associated with metachromasia 
were sometimes observed at the peripheiy’ of the wound, where the 
fibroblasts appeared less abnormal. It is of interest that occasionally 
these areas vere m close pro.ximity to the fraved and disinteeratine 
ends of pre-fornied collagen fibres. In this condition the ctuac^en 
exhibited metachromasia and became argyrophil. As the fibrob]‘v;ts 
penetrated further into the clot, however, no attempt at fibre formation 
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was observed and no metachromatic staining material associated with 
cells could be found, either with the formol- or HeUy-fixed material. 
Amorphous material which stained metachromatically was sometinles 
observed in the clot away from fibroblasts, resembling, in this respect, 
the normal wounds. 

Metachromasia of the eytoplasm was not a constant finding. 
Those cells which were almost normal in appearance had this property, 
but the abnormal cells with scantj’’ cytoplasm varied in their staining 
reactions. 

Limited capillary prohferation was also a characteristic of depleted 
woimds and the new-formed capillaries were often abnormal. They 
frequently failed to form a lumen and corresponded to the closed 
columns of endothehal cells described by Wolbach (fig. 4). In addition, 
heaping up of the cells around patent vessels could be observed (fig. Si- 
Differentiation of the vessels, obvious in the normal process of repau, 
did not take place. It is clear from these observations that the blood 
supply to the more remote parts of the wound area is inadequate 
and the abnormal appearance of some of the cells in these areas may 
be attributable to inanition. 

After the intramuscular administration of ascorbic acid to depleted 
animals on the 7th day of the post-operative period (20th day of 
complete depletion), strildng differences in staining properties and 
cell morphology were observed. A large increase in the amoimt of 
metachromatic staining material was found after 12 hours, and even 
after 6 hours there was evidence of increased production of these 
substances. By 12 hours it was noted that some isolated cells which 
had penetrated into the clot were surrounded by confined regions of 
amorphous material showing metachromasia. Very fine reticuhn 
fibres were distributed through some but not aU of these areas. In 
regions containing considerable numbers of cells much extracellular 
material had been produced and fine reticulin fibres associated with 
metachromasia were much in evidence (figs. 6 and 7). On increasing 
the interval after ascorbic acid administration, fibre formation took 
place rapidly and by 24 hours van Gieson-staining and toned fibres 
had appeared. 

Vigorous cellular activity was also noted in the perivascular 
connective tissue surrounding the larger arteries. Here it appeared 
that the cells were concerned .with newly formed fibrous extra- 
cellular material which stained metachromatically but was not 
argyrophil. 

There was a rapid change in the morphology of the cells 
accompanying the formation of extracellular material. In 12 hours 
many of the cells had attained the appearance of normal fibroblasts. 
Both cytoplasm and nuclei had enlarged and the latter had become 
vesicular, with prominent nucleoli. After this interval the cytoplasm 
of the normal and of some of the abnormal cells was metachromatic. 
It should also be noted that some of the cells which had not ye 




1‘IR. 0. n'^culnr proliferation follownng ascorbic acid administration to initiallv 
Vitamin C-dcplotcd animal, showing xxjrivascular rcticulin sheath appearing 
IS hours after a'=corbic acid ndminbtration. Foot’s modification of Bielschowshv’s 
silver stain. x7S3. 
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attained the appearance of normal fibroblasts were associated with 
newly formed extracellular material. Forty-eight hours after ascorbic 
acid administration all the cells w'ere normal in appearance. 

The development of capUlaries also responded rapidly to ascorbic 
acid therap 3 ’^. During the experimental period, non-patent vessels 
developed a lumen ; this change was more noticeable at the periphery 
of the wound (fig. S). In areas containing newly formed reticulin fibres 
it was sometimes found that fine fibres had become attached to the 
vessel wall. Where a vessel had penetrated into the clot unaccompanied 
by fibroblasts, argyrophil fibres formed a definite perivascular sheath 
(fig. 9). 

Enzyme treatment of sections 

In these experiments, sections were taken of 7-day wounds from 
control and depleted animals and from injected animals. After treat- 
ment with hyaluronidase, or 1 per cent, saline, the sections were stained 
with toluidine blue and compared with untreated sections. One per 
cent, saline did not affect the resulting metachromasia. H^mluronidase, 
however, removed the substances responsible for the metachromasia 
in the newly formed extracellular material (figs. 10 and 11) leaving a 
non-metachromatic residue. This provides good evidence that these 
substances are mucopolysaccharides of the hyaluronic acid or 
chondroitin sulphate type. The metachromatic material of the 
cytoplasm did not appear to be affected by hyaluronidase. 

We should like to record that the metachromatic staining of 
disintegrating collagen, of amorphous material in the depths of the 
wounds, of the media of larger blood vessels and of the perineurium 
was abolished by hyaluronidase, whereas the granules of mast cells 
were rmaffected. 

After treatment with ribonuclease no metachromasia could be 
observed in the cytoplasm, but the extracellular material was un- 
affected. Selective removal of the metachromasia from the cytoplasm 
of the endothelial cells sometimes revealed very fine metachromatic 
staining fibres outlining capillaries. This could be seen more easily 
in the wounds taken from the injected animals 12 hours after ascorbic 
acid administration. 

Discussion 

The appearance of substances which stain metachromatically in 
granulation tissue, described m some detail by Sylven, has been 
confirmed. On the basis of this staming property he suggested that 
both the cytoplasmic and extracellular metachromasia were due to 
the presence of mucopolysaccharide sulphuric acid esters. Our 
observations using toluidine blue in conjunction with testicular 
hyaluronidase indicate that the extracellular substance or substances 
giving rise to metachromasia are acid mucopolvsaccharides but we 
do not feel justified m attempting to characterise these substances 
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more definitely at this stage. The possibility of hyaluronic acid 
giving metachromasia cannot be excluded (Stacey, 1946 ; Meyer, 
1947 ; Wislocld el al., 1947), although it should be remembered that 
we took no special precautions to retain it (c/. Leach, 1947). Further- 
more, the enzyme used by us is Imown to degrade both hyaluronic 
acid and chondroitin sulphate (Humphrey, 1946). The use of the 
specific streptococcus hyaluronidase might help to elucidate tliis 
point. 

The metachromasia of the fibroblasts is probably due to the 
presence of ribo-nucleoproteins, since it can be removed by ribo- 
nuclease. This is in keeping with the high cytoplasmic nucleic acid 
content found in growing and protein-secreting cells. 

The failure of wound repair in depleted animals is associated with 
the failure of formation of extracellular material in both homogeneous 
and fibrous form. It is of interest that the stage at which the repair 
process is retarded depends on whether the supply of ascorbic acid 
is completely withheld or whether sub-minimal amounts are supphed. 
Hence Danielli et al. (1945) found that on low doses of ascorbic acid 
(less than 2 mg. per day) large amounts of reticuhn could be formed 
although the wound appearance was not normal. In preliminary 
experiments we have obtained indications that on these low doses 
of ascorbic acid large amounts of mucopolysaccharide are formed. 

The appearance of mucopolysaccharide and reticulin after the 
injection of ascorbic acid to depleted animals was very rapid, and 
was accompanied by a change in cell morphology. Since muco- 
IDolysaccharide was found associated with fibroblasts which were still 
abnormal, we are inchned to the view that resumption of the reparative 
process precedes the attainment of normal cell morphology. Within 
12 hours of ascorbic acid administration considerable amounts of 
mucopolysaccharide were found, and although areas of homogeneous 
material were sometimes foimd alone, the mucopotysaccharide was 
very often associated with fine reticulin fibres. Wolbach was able to 
demonstrate more clearly the production of a homogeneous extra- 
cellular material using anUine blue, and by virtue of its staining 
properties termed the material “ amorphous collagen.” The distribu- 
tion of this material appears to correspond very closely to that of the 
mucopolysaccharides found in our experiments. It is probable that 
by the injection of large doses of ascorbic acid the response in our 
experiments was more rapid and the successive stages not so clearly 
defined as in Wolbach’s experiments, in which the animals were 
given orange juice. Similarly the difiiculty in observing well-defined 
stages in normal healing is probably due to the rapidity of the process. 

From the evidence available it would appear that the first event 
leading to fibre formation is the deposition of mucopolysaccharide 
about the fibroblasts in homogeneous form. These substances are 
kn own to occur in nature in association with protein and we have 
observed a non-metachromatic-staining residue in sections after 
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treatment -with hyalnronidase. This residue might he responsible 
for the staining results obtained by Wolbach with aniline blue. We 
do not, however, consider that the available evidence is sufficient to 
indicate that a true homogeneous protein precursor of collagen is 
present, as suggested by hle 3 ’er (1947). The initial production of 
inucopotysaccharide is followed bj' the formation of very fine argjTophil 
fibres embedded in the homogeneous material. Thickening of these 
fibres is accompanied bj*' a change in the distribution of the muco- 
polj'saccharide, wdrich now takes a fibrous form corresponding to the 
argjwophil fibres. This suggests that the fibre protein is closely 
connected with the mucopolysaccharide, either in physical combination 
(Jtlej’er, 1947) or as a complex. After maturation of the fibres, the 
mucopolj'sacoharide can no longer be demonstrated histologically. 
The mechanism of fibre formation is not yet understood, although 
the In-vitso production of fibres can be brought about by acidification 
of a solution containing gelatin and chondroitin sulphate (Mejmr 
et al., 1937). Whether a similar mechanism is involved in the in-vivo 
production of fibres is obscure. 

The possibility of mucopolysaccharide disturbance in scurvy has 
been reported by Meyer (1943-44), who found that the metachromasia 
of articular cartilage was very much reduced in the chronic form of 
this disease. Such a disturbance might also account for the 
hsemorrhages associated with the deficiency. Recently Chambers 
and Zweifach (1947) have obtained evidence for the presence of 
mucopotysaccharide in the connective tissue sheath of the blood 
capillaries. Any failure in mucopotysaccharide formation might 
result in the weakening of the sheath, leading to hsemorrhages. It is 
of interest that the connective tissue sheath associated with 
proliferating vessels can be demonstrated histologically by its meta- 
chromatic properties. 

Summary 

1. The production of acid mucopolysaccharides in the early stages 
of normal wound healing in guinea-pigs has been confirmed. 

2. There is a failure in the production of these substances in the 
wounds of guinea-pigs depleted of vitamin C. 

3. The intramuscular infection of ascorbic acid to depleted animals 
results in the prompt appearance (within twelve hours) of muco- 
polysaccharides in the wound. 

4. The sequence of events in wound healing is discussed. 

Wo wish to express our thanks to Professor B. S. Piatt for his interest and 
^iticism throughout this work, to Professor J. JI. Davidson and Dr J. H. 
Humphrey for gifts of purified ribonnclense and hjmluronidase, to Messrs Koelie 
Products Ltd. for a gift of ascorbic acid, and to iSIiss D. P. Woodnott and 
Jlr R. F. Precco for technical help and the production of the photomicrographs. 
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more definitely at this stage. The possibility of hyaluronic acid 
giving metachromasia cannot be excluded (Stacey, 1946 ; Meyer, 
1947 ; Wislocki et al., 1947), although it should be remembered that 
we took no special precautions to retain it {of. Leach, 1947). Lurther- 
more, the enzyme used by us is known to degrade both hyaluronic 
acid and chondroitin sulphate (Humphrey, 1946). The use of the 
specific streptococcus hyaluronidase might help to elucidate tliis 
point. 

The metachromasia of the fibroblasts is probably due to the 
presence of ribo-nucleoproteins, since it can be removed by ribo- 
nuclease. Tliis is in keeping with the high cytoplasmic nucleic acid 
content found in growing and protein-secreting cells. 

The failure of wound repair in depleted animals is associated with 
the failure of formation of extracellular material in both homogeneous 
and fibrous form. It is of interest that the stage at which the repair 
process is retarded depends on whether the supply of ascorbic acid 
is completely withheld or whether sub -minimal amounts are supplied. 
Hence Danielli et al. (1945) found that on low doses of ascorbic acid 
(less than 2 mg. per day) large amounts of reticulin could be formed 
although the wound appearance was not normal. In preliminary 
experiments we have obtained indications that on these low doses 
of ascorbic acid large amounts of mucopolysaccharide are formed. 

The appearance of mucopolysaccharide and reticulin after the 
injection of ascorbic acid to depleted animals was very rapid, and 
was accompanied by a change in cell morphology. Since muco- 
polysaccharide was found associated with fibroblasts which were still 
abnormal, we are inclined to the view that resumption of the reparative 
process precedes the attainment of normal cell morphology. Within 
12 hours of ascorbic acid administration considerable amounts of 
mucopolysaccharide were found, and although areas of homogeneous 
material were sometimes found alone, the mucopolysaccharide was 
very often associated with fine reticulin fibres. Wolfaach was able to 
demonstrate more clearly the production of a homogeneous extra- 
cellular material using aniline blue, and by virtue of its staining 
properties termed the material “ amorphous collagen.” The distribu- 
tion of this material appears to correspond very closely to that of the 
mucopolysaccharides found in our experiments. It is probable that 
by the injection of large doses of ascorbic acid the response in our 
experiments was more rapid and the successive stages not so clearly 
defined as in Wolbach’s experiments, in which the animals were 
given orange juice. Similarly^ the difficulty in observing well-defined 
stages in normal healing is probably due to the rapidity of the process. 

From the evidence available it would appear that the first event 
leading to fibre formation is the deposition of mucopolysaccharide 
about the fibroblasts in homogeneous form. These substances are 
knorvn to occur in nature in association with protein and we have 
observed a non-metachromatic-staining residue in sections after 



VITA MIX C AXD WOUXD HEALIXO 


177 


trcatnicnt ■with hyaluronidnsp. This residue might 1)G responsible 
for the staining results obtained by Wolbach with aniline blue. e 
do not. howc%-er, consider that the available evidence is sufficient to 
indicate that a true homogeneous protein precursor of collagen is 
present, as suggested by Jleyer (1047). The initial production of 
mucopolysaccharide is followed by the formation of very fine argyrophil 
fibres ernbedded in the homogeneous material. Thickening of these 
fibres is accompanied by a change in the distribution of the muco- 
polysaccharide, which now takes a fibrous form corresponding to the 
argjTophil fibres. This suggests that the fibre protein is closely 
connected ndth the mucopolysaccharide, either in phj'sical combination 
(Mej-er, 1947) or as a complex. After maturation of the fibres, the 
mucopolysaccharide can no longer be demonstrated histologically. 
The mechanism of fibre formation is not yet understood, although 
the in-vitro production of fibres can be brought about by acidification 
of a solution containing gelatin and chondroitin sulphate (Mej-er 
cf aL, 1937). Wliether a similar mechanism is involved in the in-vivo 
production of fibres is obscure. 

The possibility of mucopolysaccharide disturbance in scurvy has 
been reported Meyer (1943-44), who found that the metachromasia 
of articular cartilage was very' much reduced in the chronic form of 
this disease. Such a disturbance might also account for the 
hjemorthages associated with the deficiency. Recently Chambers 
and Zweifach (1947) have obtained evidence for the presence of 
mucopolysaccharide in the connective tissue sheath of the blood 
capillaries. Any failure in mucopolysaccharide formation might 
result in the weakening of the sheath, leading to hfemorrhages. It is 
of interest that the connective tissue sheath associated with 
proliferating vessels can be demonstrated histologically by its meta- 
chromatic properties. 

Summary 

1. The production of acid mucopolysaccharides in the early stages 
of normal woimd healing in guinea-pigs has been confirmed. 

2. There is a failure in the production of these substances in the 
wounds of guinea-pigs depleted of vitamin C. 

3. The intramuscular injection of ascorbic acid to depleted animals 
results in the prompt appearance (within twelve hoxus) of muco- 
polysaccharides in the wound. 

4. The sequence of events in wound healing is discussed. 

We wish to express our thanks to Professor B, S. Platt for his interest and 
throughout this work, to Professor J. 31. Daridson and Dr J. H. 
ttumptoey for ^ts of purified rihonuclease and hyaluronidase, to 3Iessrs Eoche 
® g® of ascorbic acid, and to iliss D. P. Woodnott and 
- IT K. i5 . Ereece for technical help and the production of the photomicrographs. 
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more definitely at this stage. The possibility of hyaluronic acid 
giving metachromasia cannot be excluded (Stacey, 1946 ; Meyer, 
1947 ; Wislocki et al., 1947), although it should be remembered that 
we took no special precautions to retain it (c/. Leach, 1947). Further- 
more, the enzyme used by us is loiown to degrade both hyaluronic 
acid and chondroitin sulphate (Humphrey, 1946). The use of the 
specific streptococcus hyaluronidase might help to elucidate this 
point. 

The metachromasia of the fibroblasts is probably due to the 
presence of ribo-nucleoproteins, since it can be removed by riho- 
nuclease. This is in keeping with the high cytoplasmic nucleic acid 
content found in growing and protein-secreting cells. 

The failure of wound repair in depleted animals is associated with 
the failure of formation of extracellular material in both homogeneous 
and fibrous form. It is of interest that the stage at wliich the repair 
process is retarded depends on whether the supply of ascorbic acid 
is completely Avithheld or whether sub-minimal amounts are supphed. 
Hence Danielh et al. (1945) found that on low doses of ascorbic acid 
(less than 2 mg. per day) large amounts of reticuhn could be formed 
although the wound appearance was not normal. In prehminary 
experiments we have obtained indications that on these low doses 
of ascorbic acid large amounts of mucopolysaccharide are formed. 

The appearance of mucopolysaccharide and reticuhn after the 
injection of ascorbic acid to depleted animals was very rapid, and 
was accompanied by a change in cell morphology. Since muco- 
jDolysaccharide was found associated with fibroblasts which were still 
abnormal, we are inchned to the view that resumption of the reparative 
process precedes the attainment of normal cell morphology. Within 
12 hours of ascorbic acid administration considerable amounts of 
mucopolysaccharide were found, and although areas of homogeneous 
material were sometimes found alone, the mucopolysaccharide was 
very often associated with fine reticuhn fibres. Wolbach was able to 
demonstrate more clearly the production of a homogeneous extra- 
cehular material using anihne blue, and by virtue of its staimng 
properties termed the material “ amorphous cohagen.” The distribu- 
tion of this material appears to correspond very closely to that of the 
mucopolysaccharides found in our experiments. It is probable that 
by the injection of large doses of ascorbic acid the response in our 
experiments was more rapid and the successive stages not so clearly 
defined as in Wolbach's experiments, in which the animals were 
given orange juice. Similarly the difficulty in observing weh-defined 
stages in normal healing is probably due to the rapidity of the process. 

From the evidence available it would appear that the first event 
leading to fibre formation is the deposition of mucopolysaccharide 
about the fibroblasts in homogeneous form. These substances are 
known to occur in nature in association with protein and we have 
observed a non-metachromatic-staining residue in sections after 
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treatment with hyaluroniclasc. Tins rc'^itlnc miglii be rcspon'^iblc 
for the staining resuits obtained by Wolbach with aniline blue. We 
do not. iiowcvcr. consider timt tiic nvnilabic evidence is sufficient to 
indicate that a true liomogcncous protein precursor of collagen is 
present, as suggested by iMcycr (1047). The initial production of 
inucopolvsaccharide is followed by the formation of very fine argr rophil 
fibres embedded in the homogeneous material. Thickening of these 
fibres is accompanied by a change in the distribution of the muco- 
polysaccharide, wliich now takes a fibrous form corresponding to the 
argyrophil fibres. This suggests that the fibre protein i.s close!}’ 
connected with the mucopolysaccharide, cither in physical combination 
{Meyer, 1947) or as a complex. After maturation of the fibres, the 
mucopolysaccharide can no longer be demonstrated histologically. 
The mechanism of fibre formation is not yet understood, although 
the in-vitro production of fibres can be brought about by acidification 
of a solution containing gelatin and chondroitin sulphate (!Meyer 
d al., 1937). Whether a similar mechanism is involved in the in-vivo 
production of fibres is obscure. 

The possibility of mucopolysaccharide disturbance in scurv}' has 
been reported by Meyer (1943-44), who found that the metachromasia 
of articular cartilage was very much reduced in the chronic form of 
this disease. Such a disturbance might also account for the 
hjemorrhages associated with the deficiency. Recently Chambers 
and Zweifach (1947) hare obtained evidence for the presence of 
mucopolysaccharide in the connective tissue sheath of the blood 
capillaries. Any failure in mucopolysaccharide formation might 
result in the weakening of the sheath, leading to hffimorrhages. It is 
of interest that the connective tissue sheath associated with 
proliferating vessels can be demonstrated histologically by its meta- 
chromatic properties. 

Summary 

1. The production of acid mucopolysaccharides in the early stages 
of normal wound healing in guinea-pigs has been confirmed. 

2. There is a failure in the production of these substances in the 
wounds of guinea-pigs depleted of vitamin C. 

3. The intramuscular injection of ascorbic acid to depleted animals 
results in the prompt appearance (within twelve hours) of muco- 
polysaccharides in the wound. 

4. The sequence of events in wound healing is discussed. 


e wish to express our thanks to Professor B. S. Platt for his interest and 
CTiticism throughout this work, to Professor J. M. Davidson and Dr J. H. 

fT purified nbonuclease and hyaluronidase, to Messrs Roche 

Producte Ltd for a gift of j^corbic acid, and to Miss D. P. Woodnott and 
. It R. F. Preece for technical help and the production of the photomicrographs. 
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SITES OF ^VNTIBODY PRODUCTION 


C. L. Oaklby, G. Hariuet Warkack and Irene Batit 

From the Wellcome rhi/^iologicol Jlc-icarch Lfiboraloncs, 
Bcclxnham, Kent 


In n skilfully planned and conclusive set of experiments McMaster 
and Hudack '(193.")) showed that if suspensions of killed typhoid bacilli 
or of sheep red cells arc injected into the ears of mice, antibody' is 
produced earliest and in highest concentration in the lymph glands 
draining the injection area, and that the antibody is produced whether 
the injection site is subsequently excised or not. Later McMaster 
and liidd (1937) extended these experiments to vaccinia virus, and 
concluded that antivirus antibodies, like those to bacterial vaccines 
and sheep red cells, are produced to a large extent in the lymph glands 
draining the area injected with antigen. Burnet and Lush (1938) and 
Burnet et al. (1941) obtained similar results for influenza and for herpes 
virus. Ehrich and Harris (1942) injected the feet of rabbits with 
killed tj-phoid bacOli and sheep red cells ; cannulation of the afierent 
and efferent lymphatics of the popliteal Ijnnph glands (through which, 
in the rabbit, the whole lymph of the foot flows) showed that antibody 
is produced in the Ijunph gland and carried largely’’ by lymphocytes. 

In the experiments referred to above, as in most of the published 
experiments on the site of antibody production, the antigens used 
were killed bacterial suspensions or sheep red cells, no doubt because 
antibodies to them are produced rapi^y and are readily titrated 
in vitro. The methods for the detection of such antibodies are of 
high sensitivity but low precision. As some antitoxins can be tested, 
either in vivo or in vitro, at low concentrations ■with much higher 
precision, an attempt has been made in this paper to extend the work 
of McMaster and Hudack (1935) and of Ehrich and his collaborators 
(Ehrich and Harris, 1942) by using the response to the injection of 
bacterial toxoids. The secondary type of antitoxin response to second 
or subsequent injections of antigen (Glenny and Siidmersen, 1921) 
has been studied throughout. ‘ 


Expebdientai, 

1. Secondary response io the injection of a single antigen 

^ Gumea-pi^, rabbits or horses were primarily stimulated with a single 
injection of diphtheria alum-precipitated toxoid (5 c.c. intramuscularly in 
the neck m horses , 0-„ c.c. subcutaneously in the neck or abdominal waU in 
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rabbits or guinea-pigs). At some time over a month later, the same amount 
of the antigen v?as injected into that part of the right hind leg draining into 
the popliteal gland, and the animal bled out at some convenient time thereafter. 
Both popliteal glands were collected and ground separately with powdered 
quartz and saline, the volume was made up to a suitable figure, the mixture 
centrifuged, and the diphtheria antitoxin content of the supernatant estimated 
by the intracutaneous method of Romer and Sames (1909) as worked out by 
Glenny and Llewelljm-Jones (1931). 

In all cases the total amount of diphtheria antitoxin and the 
amount per gramme of gland recovered from the popliteal lymph 
gland draining the injected limb was greater than in the gland draining 
the uninjected limb (table I). Many of the published claims for 

Table I 


Comparison of antitoxin recovered from lymph glands draining injected and 
uninjected limbs in animals injected with diphtheria alum-precipitated 
toxoid 


Animals 

Units of diphtherLi antitoxin in gland draining 

injected limb 

uninjerted limb 

Total 

Units/g. 

Total 

Uiiits/B. 

Rabbits 

0-010 

0-059 

<0-0025 

<0-023 


0-065 

0-26 

0-0035 

0-024 


0-006 

0-043 

<0-0025 

<0-027 

Guinea-pigs 

0-335 

5-5 

0-025 

0-483 


0-035 

2-75 

<0-005 

<0-34 


0-063 

2-06 

0-0035 

0-168 

Horses 

424-0 

36-8 

146-0 

2-27, 


17-3 

2-16 

0-22 

0-1 


17-8 

3-24 

6-36 

0-676 


antibody production in various organs are based on little more evidence 
than this ; but the claim that relatively greater recovery of antibody 
from an organ is evidence of local production is essentially fallacious. 
All the animals used by us had circulating diphtheria antitoxin when 
they were killed ; in every instance the lymph gland draining the 
injection area was larger than that on the other side and markedly 
inflamed ; antibody might readily have leaked into the inflamed 
gland from the circulation. McMaster and Hudack (1935) and Walsh 
and Cannon (1938) dealt admirably with this difflculty. Perhaps 
more important, taking these experiments at their face value assumes 
that our methods of extracting antibody are uniformly efficient. 
Since this cannot be guaranteed, the experiments were modified to 
avoid this difficulty by injecting two or more antigens in different 
sites in the experimental animals and determining the antitoxin 
response to each. However inefficient the method of extraction of 
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tissue, it will presumably be equally cflicicnt for all antitoxins present. 
If the tissues are inflamed, antitoxins will leak into them from the 
circulation in the proportions in which they occur in the plasma and 
will be extracted in those proportions. Deviations of the antitoxin 
ratios of tissues from those in the plasma may then be regarded as 
evidence of production or storage of one or other antitoxin in those 
tissues. 


2. Secondary rcspoitse lo injections of two antigens 

Horses used for the commercinl production of lamb dy.sentcrj- or pulpy 
kidney serum, and producing, therefore, a variety of Clostridium u-dchii anti- 
toxins, were given 5 c.c. of diphtheria alum-precipitated toxoid (A.P.T.) and 
10 c.c. of tetanus A.P.T. intramuscularly into the neck ; the injections were 
repeated one month later. The horses were subsequently given 5 c.c. of diphtheria 
A.P.T. injected subcutaneously into the right hind leg below the knee, and 
10 c.c. of tetanus A.P.T. injected similarly into the left hind leg. At convenient 
times thereafter horses were bled out, and the popliteal, femoral, axillaiy and 
mesenteric Ij-mph glands, and pieces of heart, liver, spleen, kidney, lung, leg 
injection areas and neck injection areas were collected, freed from fat as far 
as possible, and the ti^ue extracts and serum examined for antitoxins. 
Diphtheria antitoxin was estimated by intracutaneoas testing in guinea-pigs ; 
tetanus antitoxm by subcutaneous injection of tetanus toxin-extract mixtures 
into mice ; Cl. u-elchii p antitoxin by intracutancous testing of p toxin-extract 
mixtures in guinea-pigs ; Cl. wclchii « antitoxin by intracutaneous testing of 
e toxm-extract mixtures in rabbits ; Cl. weldni a antitoxin by in-\’itro hoemolj'tic 
tests of a toxin-extract mixtures, using washed sheep red cells as indicator. 

Thirty horses have so far been used ; results for two of them, 
typical of the whole group, are given in tables 11 and HI. It is clear 
that the tetanus/diphtheria antitoxin ratio in the lymph glands 
draining the leg injected with diphtheria A.P.T. is lower than the 
ratio of these antitoxins in the serum ; for the lymph glands draining 
the leg injected with tetanus A.P.T. the tetanus/diphtheria antitoxin 
ratio is higher than it is in the serum. The simplest explanation for 
this is that the Ijunph glands draining the injection area have made 
or stored relative^ more antitoxin to the antigen with which their 
drainage area has been injected. 

The possibility that some other antitoxin may be produced or 
stored'in the lymph glands draining an area injected with a particular 
antigen may also be tested. Horses immunised for the commercial 
production of Iamb dysentery or pulpy kidney serum are injected 
intramuscularly in the neck with Cl. welcMi type B filtrates (chiefly 
a, p and e toxins) or with CJ. weJchii type D filtrates (chiefly a and 
c toxins). Estimation of antibody to a, ^ or e toxins in tissues from 
such horses would be expected to yield information on the amount 
of antitoxin derived from the circulation, either by leakage or from 
failure to bleed out completely. If the ratio of two antibodies in a 
tesue IS the same as the ratio in the circulation, the simplest explana- 
tion IS that both antibodies are derived from the circulation. Tables IV 
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and V show the ratios for diphtheria, tetanus and a or e antitoxins 
of tissues from two pulpy kidney horses injected with diphtheria 

Tabi,e II 

Comparison of tetanus Idiphtheria antitoxin ratios in extracts of lymph glands 
draining right and left legs of horse 5790 , injected with diphtheria A.P.T. 
{right hind leg) and tetanus A.P.T. {left hind leg), and bled out 18 days later 


Material tested 

Antitoxin units per ml. 

Tetanus/diphthcria 

Diphtheria 

Tetanus 

antitoxin ratio 

Extract of left popliteal 

00017 

0-5 

290-0 

lymph gland 

Extract of left femoral 

0-004 

0-7 

180-0 

lymph gland 

Extract of right popliteal 

0-056 

0*15 

2-7 

lymph gland 

Extract of right femoral 

0-02 

0-2 


lymph gland 

Serum .... 

0-34 

14-5 

43-0 


Batios in this and subsequent tables are given to 2 significant figures. 


Tabie III 


Comparison of tetanusjdiphtheria antitoxin ratios in extracts of lymph glands 
draining right and left hind legs of horse 5555 , injected with diphtheria A.P.T. 
{right hind leg) and tetanus A.P.T. {left hind leg), and bled out 7 days later 


Material tested 

Aotitoxin units per ml. 

Tetanus/diphtheria 

Diphtheria 

Tetanus 

antitoxin ratio 

Extract of left popliteal 
lymph gland 

1-8 

38-0 

21-0 

Extract of left femoral 
lymph gland 


30-0 

20-0 

Extract of right popliteal 
lymph gland 


1-5 

0-071 

Extract of right femoral 
l 3 nnph gland 

25-0 

3-0 

0-12 

Serum .... 

40-0 

80-0 

2-0 


A.P.T. (right hind leg) and tetanus A.P.T. (left hind leg). It is clear 
from these results that the ratio of, for example. Cl. welcJiii a or e 
antitoxin to diphtheria antitoxin in the lymph glands draining the 
limb injected with tetanus A.P.T. is not significantly different from 
that in the circulation, and that the same applies to the Cl. welchii 
a or e/tetanus antitoxin ratio in the l3Tnph glands draining the limb 
injected with diphtheria A.P.T. In other words if a limb is injected 
with diphtheria or tetanus A.P.T., there is no evidence of corresponding 
antibody production or storage in the l3Tnph glands draining the 
opposite limb. Similar arguments can be applied to antibody ratios 
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for other tissues. As table VI sliow.'s, the c/diphtheria/tetanus antitoxin 
ratios for many organs are not significantly different from those for 

TABtE IV 

Comparkoii of andloxin ratios in extracts of lymph glands draining left and right 
hind kgs of horse 5700, injected with diphtheria A.P.T. (right hind leg), 
tciamts A.P.T. (left hind leg) and Cl. Tvelcljii a toxin (neck), and hlerl out 
IS dags later 



Antitoxin ratica 

JlAtcrul tested 

Tctana^ 'diphtheria 

Cl 

a/diphth^ria 

Cl. irelcAu a/tctanu.^ { 

1 

' Extract of left popliteal 

290 0 

130 

0-45 

i Ijinph gland 

1 E-dract of left femoral 

180 0 

180 

... 

lymph gland 

Extract of right popliteal 

2-7 

15 

5*5 

lymph gland 

Extract of right femoral 

10 0 

38 

3-8 

Ijmph gland 

Serum .... 

43 0 

120 

2-S 


Table V 

Comparison of antitoxin ratios in extracts of lymph glands draining left and right 
hind limbs of horse 5555, infected with diphtheria A.P.T. (right hind leg) 
tetanus A.P.T. (left hind leg) and Cl. vrelchii e toxin (neck), and bled out 
7 days later 



Antitoxin ratio? 

Uatenal tested 

Tetanns'dipbthem 

Ci 

</diphth<*n3 

Cl c/tetanus 

1 Extract of left popliteal 

1 lymph gland 

Extract of left femoral 

21-0 

7-7 

0-36 

20 0 

ft - 

O’J 

0-33 

lymph gland 



Extract of right popliteal 
lymph gland 

Extract of right femoral 

0 071 

0-30 

4-2 

0 12 

0 40 

3-3 

lymph gland 



Serum .... 

2 0 

7 2 

3 6 


the Serum ; no evidence of differential production or storage could 
he found. 

It is tempting to regard these experiments as demonstrating not 
only that antibody to diphtheria and tetanus alum-precipitated toxoid 
rs produced or stored in the lymph glands draining the injection area, 
but ako that no other structure so far examined (liver, kidney, spleen, 
^scle, heart, lung, mesenteric gland) produces any antibody at all. 
The latter conclusion can, however, be challenged ffom two points of 
■new. ^ 
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First, the errors of antitoxin testing in this experiment must he 
considered : for our diphtheria antitoxin determinations about 

Table VI 


Comparison of antitoxin ratios in extracts of various structures of horse 6102, 
injected with diphtheria A.P.T. {right hind leg) tetanus A.P.T. {left hind 
leg) and Cl. irelcJiii e toxin (neck) and bled out 8 daps after 




Antito.vin ratios 


Material tested 

Tctanus/diphthcria 

Cl. tcelehii 
e/diphthcTia 

Cl. tcelehii f/tetaniu 

Extract of left popliteal 

150-0 



lymph gland 



0-62 

Extract of left femoral 

200-0 

180-0 

l 3 rmph gland 



6-0 

Extract of right popliteal 

2-1 

13-0 

lymph gland 



10-0 

Extract of right femoral 

0-97 

9-7 

lyrmph gland 




Extract of mesenteric gland 

38-0 

210-0 


„ heart 

27-0 

380-0 


,, liver 

27-0 

160-0 


,, spleen 

20-0 

140-0 

7-0 

„ kidney 

24-0 

210-0 

9-1 

Extract of left injection area 

( leg ) 

Extract of right injection 

32-0 

360-0 

11-0 

33-0 

300-0 

9-0 

area (leg) 




Extract of left axillary 

13-5 ♦ 

• • 

... 

lymiph gland 




Extract of right axillary 

28-0 

300-0 

11-0 

lymph gland 




Serum .... 

21-0 

180-0 

8-7 


* This iow value may be due to the injection of diphtheria A.P.T. into the neck several months 
previouslv. 


± 5 per cent, for results above 0-1 unit, ±10 per cent, for lower values ; 
for our tetanus, a and e antitoxin determinations ±10 per cent.; 
for our jS antitoxin titrations ±16 per cent. ; the errors of the ratios 
wiU certainly be greater than those of their components. We have 
therefore taken little note of differences in antitoxin ratios as evidence 
of antitoxin production unless the differences were very large, and 
we may have missed something thereby. For instance, if a large organ 
like the liver produced only 10 per cent, of the total diphtheria 
antitoxin it contained, the rest being derived from the circulation, 
the total amount produced might be very large but we should be 
unable to show it. The same applies to other organs, whose production 
— on a 10 per cent, basis — might be greater than that of the draining 
lymph gland. 

Second, it may fairly be argued that if antigens reach an organ 
from a distance, the relative concentrations of antigens reaching the 
organs may be constant and the organ responses correspondingly 
um’form ; the antibody ratios in the organs might then be equal to 
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those in the blood. This may be true, and we propose to test its 
truth by finding whether organs -n-ill rapidly produce antitoxin 
differentially when injected ^^'ith diphtheria and tetanus A.P.T. in 
different places. If they do not, we may reasonably assume that 
they produce no antitoxin when the antigens reach them from a 
distance. 

In this connection the perfusion experiments of Sedallian d al. 
(1939a, b) are worth noting. They secondarily stimulated rabbits 
with diphtheria or tetanus toxoid ; a few days later they removed 
chosen organs or structures from these rabbits and established 
continuity between the vessels of the isolated structures and the 
circulations of similarly immunised rabbits whose serum antitoxin 
levels had reached a steady state. If antitoxin had been produced 
in sufficient quantity in the isolated structures, the serum antitoxin 
of the perfusing rabbit would have risen. In fact no rise in serum 
antitoxin occurred in rabbits perfusing isolated liver or kidnej' ; well- 
marked increases in serum antitoxin occurred in rabbits perfusing 
the isolated hind legs, into which the dose of antigen used as a secondary 
stimulus had been injected. Sedallian d al. (19396) concluded that 
the antitoxin came from the bone marrow, and indeed it is difficult 
to see how it could have come from the popliteal lymph glands in 
their experiments, rmless there is free communication between lymph 
glands and veins in the leg. 

It may be worth noting here that, in horses injected with A.P.T. 
in the legs, the antitoxin ratios in the femoral glands were usually 
nearer to those of the serum (tables III and IV) than were the ratios 
of the popliteal glands. Presumably the lymph reaching the femoral 
from the popliteal glands is diluted with lymph of s imil ar antitoxin 
ratio to that in the circulation. Unfortimately, as we do not know 
the relative proportions of popliteal and other lymph draining into 
the femoral glands, we cannot decide whether any antitoxin is produced 
in the femoral glands ; but the small difference in antitoxin ratio 
between popliteal and femoral glands makes it seem likely that the 
femoral glands produce some antitoxin. 

So far we have not provided any evidence to distinguish between 
production and storage in the draining lymph gland. Ehrich and 
Harris, by cannulating the afferent and efferent lymiphatics of the 
popliteal gland of the injected limb of rabbits, found little antibody 
in the afferent lymphatics and much more in the efferent, which 
strongly suggested antibody production in the lymph gland. Our 
evidence is less direct. In most cases the injection areas in the hind 
limbs of horses receiving diphtheria and tetanus A.P.T. in the usual 
way show tetanus/diphtheria antitoxin ratios equal to those in the 
serum (table \TI) ; similar results are found for the muscle and 
connective tissue lying between the skin and the draining gland 
(table yni). In these horses we may be reasonably confident that 
antitoxm has been produced only in the draining lymph gland. But 
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in a few horses, e.g. 5330 and 5408, and sometimes only on one side, 
the ratio of homologous to heterologous antibody in the injected skin 

TABtE VII 

Tetanus jdiplitlieria antitoxin ratios in extracts of injection areas from 5 horses 
inject^ with diphtheria A.P.T. (right hind leg) and tetanus A.P.T. (left 
hind leg), to show evidence of tetanus antitoxin production in the skin injection 
area of horses 5330 and 5408 


Material 

Tetanus/diphtlieria antitoxin ratio for liorsc 

5703 

5848 

G102 

5330 

5408 

Serum ..... 

0-85 

33 

21 

240 

7-3 

Extract of left leg injection area 

0-68 

25 

32 

6400 


Extract of right leg injection area . 

0-69 

23 

33 

170 

4-9 

Days after last injection 

6 

5 

8 

5 

10 


Table VIII 

Tetanus [diphtheria antitoxin ratios for extracts of various structures of two horses 
injected with diphtheria A.P.T. (right hind leg) and tetanus A.P.T. (left 
hind leg). There is no evidence of antibody production or storage except in 
the lymph glands. Note evidence of differential antibody production 29 days 
after injection of antigen 


Material tested 

Tetanus/diplithpria antitoxin ratio for 

horse 5D12 

horse 9409 

Extract of left popliteal l 3 Tnph gland 

30-0 

22-0 j 

„ left femoral Ijnnph gland 

400 

21-0 

„ left leg muscle .... 

24-0 

3-2 1 

„ left thigh muscle 

15-0 

3-4 

„ right leg muscle .... 

18-0 

3-3 

„ right thigh muscle 

18-0 

3-8 

„ right popliteal lymph gland . 

1-9 


„ right femoral lymph gland . 

3-1 

1-2 

Serum ....... 

18-0 

3-3 

Days after last injection .... 

15 

29 


is much higher than the ratio for the same antibodies in the serum 
(table VII). Antitoxin production has evidently occurred in the 
skin, further evidence on this point was obtained from rabbits. 

3. Local production of antibody in skin 

Rabbits were given primary injections of 0-2 ml. of diphtheria A.P.T. into 
the dorsum of the right hind foot, and 0-2 ml. tetanus A.P.T. into the dorsum 
of the left hind foot. One month and two months later the injections were 
repeated, diphtheria A.P.T. into the right foot, tetanus A,P.T. into the left 
foot. In order to increase the amount of bone-marrow the rabbits were bled 
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about one-tliini of thevr estimated blood volumo ten days before they were 
killed. At various times after the third injection the rabbits were bled out 
from tlio carotid, and the injection areas, the glands draining them and the 
fetnonil and tibinl bone marrow were excised and their extracts tested for 
diphtheria and tetanus antitoxins. 

Table IX shows that in all cases the skin from the areas injected 
with tetanus A.P.T. and the glands draining them showed a liigher 

Table IX 

Tcinnusjdiphtheria antitoxin ratio for extracts of structures and scrum from 
C rabbits, injected with diphtheria A.P.T. twice at an interval of a month in 
right foot, and twice similarly with tetanus A.P.T. in left foot, to show 
evidence of antibody production in the injection area 


Matcnal te'tctl 


Tctana''<liphllicria antitoxin ratio for rabbit 

1 

i 

1 

2 

3 

4 

3 

c 

Serum .... 

UO 

5*5 

3-3 

1-7 

5*0 

1-0 

Extract of left bono 
morrow 

14-0 

6-7 

3-1 

2*2 

4-5 

1-7 

Extract of right bono 
morrow 

7'7 

60 

3-5 

2-0 

51 

1*6 

Extract of jlefl foot injec- 
tion area 

35-0 

56 0 

07-0 

43 -0 


100-0 

Extract of right foot injec- 
tion area 


03 

0 073 

<0-0 

<0-13 


Extract of left pophteal 
gland 


38-0 

42-0 

14-0 

3-3 

3-6 

Extract of right popliteal 
gland 

0 64 

0-33 


0-38 

0-93 

<1-2 

Days after last injection . 

5 

5 

7 

7 

10 

10 


tetanus/diphtheria antitoxin ratio than the serum ; on the side 
injected with diphtheria A.P.T. the skin and draining glands showed 
a tetanus/diphtheria antitoxin ratio less than that of the serum. 
The bone-marrow extracts in the main showed ratios equal to those 
in the serum. Antitoxin had evidently been produced in the injected 
sldn. 

Some light was thrown on the difference between some horses 
and rabbits by a consideration of the different lesions produced on 
injection. As already stated, the primary injections in the horses 
were made into the muscles of the neck and the second injections in 
the skin of the hind limbs were made into normal tissue. Since the 
animal was usually bled out less than ten days later, the reaction was 
diffuse and had little time to localise itself, in the rabbit, at least 
two injections were made in the same area, the last at a time when the 
granuloma that normally follows the injection of A.P.T. had had time 
to form there. Possibly antitoxin produced in rabbit skin is derived 
from the cells of the pre-formed granuloma. This possibility will be 
tested by mjectmg diphtheria A.P.T. once into the right foot and 
twice into the left foot, and tetanus A.P.T. once into the right ear 
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and twice into the left ear of rabbits primarily stimulated in the neck 
or abdominal wall. If the view here put forward is correct, in an 
experiment of this kind, skin with two injections at an interval of a 
month or so should show antitoxin production about five days after 
the second injection ; skin with one injection should show no antitoxin 
production five days later, 

4. Continuance of antitoxin production 

Barr and Glenny (1947) showed that horses under immunisation 
continue to produce antibody long after the injection of antigen is 
stopped, and that they settle down to a steady rate of production 
after a fall in their antitoxin level which continues for a variable 
time depending on the length of the immunisation. The longer a 
horse has been under continuous immunisation, the sooner it reaches 
a steady level, and the higher the ratio its steady antitoxin level 
bears to its antitoxin titre at the time immunisation is stopped. 

Our experiments have not been carried on long enough for our 
information to be comparable with that given by Barr and Glenny ; 
but it is clear from table X that local differential production of 
antitoxin may go on for as long as eight months after a secondary 
injection. 

Table X 

Tetanw [diphtheria antitoxin ratios of serum and of extracts of various structures 
from horses receiving either one injection in the neck and one in the leg, or 
two injections in the leg, of diphtheria A.P.T. {right hind leg) and tetanus 
A.P.T. {left hind leg) to show evidence of antibody production in lymph gland 
(7727) and in injection area (6338, 6368) long after the last stimulus 


Material tested 

Tetanus/diphtlieria antitoxin ratio for horse 

0368 

C338 

7727 

Extract of left popliteal lymph 
gland 

Extract of left femoral Ijouph 

64 


23-0 




gland 




Extract of right popliteal lymph 
gland 

Extract of right femoral lymph 

18 

... 




7-7 

gland 



14-0 

Extract of left leg injection area . 

91 

>760 

„ right leg injection area 

18 



Serum . . , . , 

... 

i ’30 

15-4 

Number of injections in leg . 

2 

2 

1 

Days after last injection 

66 

129 

271 


Discussion 

The literature on the organs concerned in antibody production 
shows clearly that extensive removal of organs may have little effect 
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on antibody response, c.g. Buttle (1934). Hektoen and Curtis (1915) 
showed that splenectomy produced a slight delay in production and 
a lower final concentration of antibody to rat red cells injected 
intravenously into dogs : removal of the small intestine and ligation 
of the mesenteric artery delayed the appearance of antibody, a result 
attributed by Hektoen and Curtis to the large amount of lymphoid 
tissue removed with the intestine. It is not very clear whether the 
great natural variation in response to antigens was seriously considered 
in these experiments. In ablation experiments Harris cl ah (1948) 
found no evidence that the thymus produced or stored antibody to 
Shigdla dysenicricE, Salmonella typhi or sheep erjdhrocjdes injected 
subcutaneously or intravenously. If the antigen was injected sub- 
cutaneously the spleen plaj-ed no obvious part in producing or storing 
antibod 3 ' ; if the antigen was injected intravenously', the concentration 
of antibody^ in the spleen was higher than in the other tissues : this 
the authors regard as evidence of localised antibody production 
(c/. Pfeiffer and Marx (1898) for Ij’sins against Vibrio cholera: in rabbits ; 
in table HI of their paper the < and > signs appear to be reversed). 

The great difficulty in producing much effect on antibody production 
by ablation of organs has led authors to ascribe antibody^ production 
to generally distributed structures such as lymph glands, plasma 
cells and reticulo-endothelial tissue. Here the literature displays a 
regrettable narrowness of outlook, in that authors support the claims 
of macrophages, lymphocytes or plasma cells with scant recognition 
of the claims of their opponents. 

Jaffa’s (1931) review of the vast literature on the reticulo-endothelial 
system and immunity shows that almost all the evidence in favour 
of its participation in antibody production is indirect and of doubtful 
validity ; the original papers often supply evidence that no account 
has been taken of the leakage of antibody from the circulation into 
inflamed tissue. The extensive literature on reticulo-endothelial 
blockade shows that small doses of blocking substance may stimulate 
antibody production, large doses depress it (Roberts, 1929a, b ; 
Cannon et ah, 1929). 

Ehrich and his collaborators have given excellent evidence for the 
importance of the lymphocyte (Ehrich and Harris, 1942; Harris 
et al., 1945), and Ehrich et ah (1946) state that polymorphs and macro- 
phages from antibody-producing areas contain no antibody (c/. Pfeiffer 
and Marx), As the supporters of the reticulo-endothelial origin of 
antibofes [e.g. Sabin, 1939) have always pointed out the appositeness 
of antibody production by cells that have ingested and digested the 
antigen, it is interesting to note that Harris and Ehrich (1946) have 
claimed that l^ed bacterial suspensions and sheep red cells are 
altered at the site of injection, possibly by macrophages, to substances 
that act as blocking antigens. Thus if killed typhoid bacilli are 
injected into the rabbit’s foot, extracts from the injection area 24 hours 
later contain no recognisable bacilli, but prevent agglutination of 
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typhoid bacilli by specific agglutinating sera. Similar substances 
can be recovered from the popliteal gland, but disappear as antibody 
is produced there. It is therefore concluded that these altered 
antigens stimulate antibody production by lymphocytes in the 
draining lymph gland. 

The case for the lymphocytes receives a good deal of support from 
experiments in which the lymphoid tissue is severely damaged by 
X-rays. Thus Hektoen (1915, 1918) found that large doses of X-rays 
applied to white rats, dogs and rabbits in doses sufficient to damage 
the lymphoid tissue would, if given daily for some time before the 
antigen was injected, delay the antibody response to intraperitoneal 
injection of sheep red cells, or even abolish it completely. At the 
height of the antibody response neither X-ray treatment nor 
splenectomy, nor both together, had much effect on antibody levels 
in the serum (Hektoen, 1920). Murphy and Sturm (1925) confirmed 
Hektoen’s observations with doses that produced severe damage to 
lymphoid tissue but did not injure the bone-marrow, and extended 
them to the production of precipitins, bacterial agglutinins and 
protective antibodies : they also showed that dry heat, which 
stimulates Ijmphoid tissue, increased antibody production. Evans 
(1948) found that patients irradiated with X-rays for the treatment 
of malignant disease and those whose lymph glands were extensively 
infiltrated with leukmmic masses showed a poor response to killed “ H ’ 
suspensions of Bad. paratyphosum A as compared with normal controls. 

As it is generally agreed that antibodies resemble normal globulins, 
the claim that lymphocytes produce antibodies led to an examination 
of their power to produce globulin, and it was soon shown (White and 
Dougherty, 1946) that lymphocytes contain a substance electro- 
phoreticallj’^ similar to y globulin ; the suggestion has thus been made 
that lymphocytes normally synthesise y globulin. Dougherty et al. 
(1945) also showed that other substances damaging lymphoid tissue 
— adrenal cortical extract and pituitary adrenotropic hormone — ^release 
antibody into the circulation of animals whose antibody level has 
fallen below a detectable limit. As cortical extract was effective in 
producing this effect in adrenalectomised animals, they claimed that 
the pituitary stimulates the cortex of the adrenal to produce a hormone 
which causes lymphocytes to break up and release antibody ; in their 
view this explains the anamnestic reaction. On the other side it 
should be stated that Andreasen et al. (1948) found no faU in plasma 
protein in rats from which they had removed surgically at least 
90 per cent, of the lymphoid tissue, and Harris and Henle (1948) 
found no evidence of an anamnestic reaction in rabbits in which a 
severe lymphopenia had been induced by the intravenous injection 
of influenza virus. Likewise Philips et al. (1947) found that poisoning 
goats with nitrogen mustards, which damage myelopoietic and 
lymphopoietic tissues, produced only some delay in the secondary 
response to ricin, without reducing the maximum serum antibody 
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level reached. Murphy and Sturm (1947) found that adrenalectomiscd 
animals had an enhanced capacity to produce antibody. 

Recently the claims of the plasma cell were taken up by Bjomeboe 
and Gormsen (1943), who drew attention to the marked plasma-ccll 
infiltration of the spleen and liver in animals injected with large 
amounts of soluble antigens, e.g. pneumococcal polysaccharides. 
Injections of india ink and globulin, to produce the hyperglobulinrenua 
common in immunised animals, did not lead to plasma-cell infiltration. 
Bjomeboe et al. (1947) also drew attention to the high concentration 
of plasma cells and antibody in the peri-renal fat in their immunised 
animals. 

This work was ably extended by Pagraeus (1946, 1947, 1948), 
who claimed that after intravenous injection of horse serum or live 
or killed Salm. iyphi into rabbits the antigen was localised mainly 
in the red pulp of the spleen, both absolute and relative rates of 
destruction of Salm. typJii being greater in the red pulp than in the 
follicles. Soon the reticulum cells of the pulp began to develop into 
plasma cells; and if pieces of splenic pulp were grown in tissue 
culture, increase of antibody in the cultured fragments ran parallel to 
the concentration of immature plasma cells in them. The most marked 
difference in antibody concentration between splenic pulp and serum 
was observed about four days after a secondary stimulus ; after 
seven days the difference was of doubtful significance. It would be 
useful to extend these experiments to other organs. 

Our experiments throw little light on these controversies, though 
our methods could readily be adapted to semi-microdissection 
techniques like those of Pagraeus. We did attempt to estimate 
antitoxin ratios in the cortex and medulla of lymph glands, imagining 
that if macrophages actively produce antitoxin, the medulla would 
show an antibody ratio higher than that of the cortex ; in fact the 
differences were such as to suggest that antitoxin in passing into the 
medulla is diluted with lymph having the same antitoxin ratios as 
the plasma. 

On the question of local antibody production we need not say 
much, as the evidence has been thoroughly reviewed in Burnet’s 
remarkable monograph (Burnet et al., 1941). It is, however, necessary 
to refer to Walsh and Cannon, who seem to have been the first to 
demonstrate local antibody production (in the respiratory tract) by 
the injection of two different antigens by different routes, and the 
estimation of antibodies to both in various tissues. Prom their paper 
it is possible to show that if one antigen (A) is instilled into the nose 
and the other (B) injected intraperitoneaUy, the anti-A/anti-B ratio 
in the nasal mucosa is higher than that in the circulation, whereas 
the anti-A/anti-B ratio in the spleen is lower than in the circulation. 
Burnet el al. injected four different antigens into four different sites 
in the skin of rabbits but found no evidence of local antibody 
production, possibly because the experiment did not last long enough 
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for a granuloma to form. It seems to us fair to conclude that antibody 
may be produced in a variety of places and probably by a variety of 
cells, depending on the antigen and the route by which it is injected. 

Numerous interesting problems arise from work done so far. If 
antitoxin is produced mainly in the lymph glands draining a particular 
area, higher antitoxin levels might be expected from multiple injections 
of antigen in different areas, so that many lymph glands might respond. 
If it is the filtering capacity of lymph glands that determines the local 
production of antibody, we might also reasonably expect a better 
response to a diffusible antigen, e.g. toxoid, which might reach numerous 
structures. Burnet et al. found little evidence of local antitoxin 
production in rabbits injected with staphylococcus toxoid. 

It is trrdy remarkable that a primary stimulating dose of a 
particular antigen, draining presumbly through only a few lymphatic 
glands, alters other lymph glands in such a way that they produce 
antibody in amounts characteristic of a secondary response when 
subjected to a secondary stimulus. Possibly the claim of SjOvall 
(1936) that lymphocytes circulate between lymph gland, circulation 
and lymph gland may help to explain this. Unfortumately the 
antitoxin level reached in a primary response is usually so low that 
organ extracts from the animal cannot be tested. 

Much more work will be necessary to throw light on these problems. 


StnUMAEV 

After secondary stimulation of horses, rabbits and guinea-pigs 
by the subcutaneous injection ‘ of diphtheria or tetanus alum- 
precipitated toxoid, antitoxin is produced in the l3anph glands draining 
the injected area. In some cases antibody may be produced in the 
injected skin, especially if the area so injected has already been 
primarily or secondarily stimulated with the same A.P.T., with 
production of a local granuloma. 

No evidence has been obtained of antibody production elsewhere, 
though the possibility cannot be excluded ; if it occurs, as much as 
90 per cent, of the total antibody might be produced outside the 
injection area and its draining lymphatic glands without our methods 
being able to demonstrate it. 

Differential local production of antitoxin may occur up to 271 days 
after the injection of diphtheria or tetanus alum-precipitated toxoid. 

We should like to express our gratitude to Mr A. T. Glenny, F.R.S., for 
much vigorous, detailed and helpful criticism ; to Mr A. Thomson for much 
anatomical and other assistance and for the experimental injections into horses ; 
and to the staff of the immunology department and of the stables, without 
whom this work would have been impossible. 



SITES OF ANTIBODY PBODVCTION 


m 


REFERENCES 

Akdheasen-, E., Bikg, J., Gott- 1948. Acta physiol Scand., xv, 2rA. 

Lren, O., AND HAKBon, N. 

BAnB.MoLUE.AND Glenxy.A.T. 1947. Lancet, a, GiJ. 

Bjorndboe, M., and Gormsex, H. 1943. Act. path, microbiol Scand., xx, 04.). 
Bjorndboe, M., Gormsen-, H., 1947. J. Immunol, Iv, 121. 

AND LUNDQtnST, F. 

BtrexET, F. M., aid others . • 1941. Production of antibodies. Mono- 

graph no. 1 of the Walter and 
Eliza Hall Institute, Melbourne. 

Btibndt, F. M., and Lt/sh, Dora 1938. Austral J. Exp. Biol Med. Sci., 

xvi, 2G1, 

Bottle, G. A. H 1934. Bril. J. Exp. Path., xv, 64. 

Can-ndn-, P. R., Baer, R. B„ 1929. J. Immunol, xvii, 441. 

Shluvax, F. L., Axt> Webster, 

J- R- . ... n- 

Dougherte, T. F., Chase, Jeande 1945. Proc. Soc. Exp. Biol Med., Iviii, 13o. 
H., AtD White, A. 

Ehbics, W. E., and Harris, 1942. J. Exp. Jl/cd., l.xxT'i, 335. 

T.N. 

Ehrich, W. E., Harris, T. N., 1946. Ibid., Ixxxiii, 373. 

AND MeETEN'S, E. 

Evans, R. W 1948. This J'oiima?,lx, 123. 

Fagraeus, Astrd 1946. Nord Med., xxx, 1381. 

„ 1947. Nature, clix, 499. 

„ 1948. J. Immunol, Iviii, 1. 

Glexxy, A. T., AND Llewellyn- 1931. This Journal, xxxiv, 143. 

Jones, Mona 

Glennv, a. T., and Sxdjiebsen, 1921. J. Hyp., Camb., xx, 170. 

H. J. 

Harris, Susanna, and Hende, W. 1948. J. Immunol, Ux, 9. 

Harris, T. N., and Ehrich, W. E, 1946. J. Exp. Med., Ixxxiv, 157. 

Harris, T. N., GRnni, E., 1945. Ibid., Ixxxi, 73. 

Mertens, E., and Ehrich, 

W. E. 

Harris, T. N., Rhoads, J., and 1948. J. Immunol, Kdii, 27. 

Stokes, J., Jr. 

Hektoen, L 1915. J. Inf. Dis., xvii, 415. 

„ 1918. Ibid., xxii, 28. 

>, 1920. Ibid., xxvii, 23. 

Hektoen, L., and Curtis, A. R. 1915. Ibid., xvii, 409. 

Jaffe, R. H 1931. Physiol Rev., xi, 277. 

McMaster, P. D., and Hudack, 1935. J. Exp. Med., Ixi, 783. 

S. S. 

MciUsTER, P. D., AND Kedd, J. G. 1937. Ibid., Ixvi, 73. 

JIURFHY, J. B., AND Sturiw, E. . 1925. Ibid., xii, 245. 

” >> J, „ 1947. Proc. Soc. Exp. Biol, d: Med., 

Ixvi, 303. 

Pfeiffer, R., and Marx . . . 1898. Z. f. Hyg. u. InfeMionsJ^., xxvii, 

272. 

Philips, F. S., Hopkins, Frances 1947. J. Immunol, Iv, 289. 

H., and Freeman. SIarion 

L. H. 

Roberts, E. F. . . 

Roberts, E. F 


. 1929a. Ibid., xvi, 137. 

19296. Ibid, xvH, 273. 



194 


C. L. OAKLEY, G. H. WARRACK AND I. BATTY 


Rosier, P. H., and Sabies, T. 

Sabin, Florence R 

Sedallian, P., Jotjrdan, F., and 
Clavel, C. 

>> >> ff » 

Sjovall, H 

Walsh, T. E., and Cannon, P. R. 
White, A., and Dougherty, 

T. F. 


1909. E. Immunitatsforsch., I. Teil. Orig., 
iii, 344. 

1939. <7. Exp. Med., Ixx, 67. 

1939a. Rev. d'immunol., v, 34. 

19396. Ibid., v, 138. 

1936. Acta path, et microbiol. Scand., 
suppl. xxvii. 

1938. J. Immunol., xxxv, 31. 

1946. Ann. N.Y. Acad. Sci., xlvi, 859. 



578 . 65 : 577 • 8i4 • 33 (gonadotropin) 

THE CYTOCHE^HCAL DEiMONSTRATION OE 
GONADOTROPIC HORMONE IN THE HUMAN 

anterior hypophysis 

A. 6. Evebsok Peabse 

Department of Pathology, Postgraduate Medical Sdiool of London 
(PT.4TV.R XXX\TLn. Ain? XXXIX) 

The problem of deciding -which particular cell is responsible for -which 
of the battery of pituitary hormones described by various -workers 
has hitherto been approached by two different yet essentially similar 
methods : (1) by correlating changes in the relative number of the 
three t3pes of cell, acidophil, basiplul and chromophobe, -with 
anatomical or physiological changes in the body of the animal con- 
cerned ; (2) by a cytological study of these ceUs in various natural 
and experimental conditions, on the assumption that an increase in 
size and number of the specific granules in the chromophils with a 
parallel increase in the size of the Golgi apparatus indicates an increased 
secretory effort on the part of the cells concerned. 

The first method has been used in the determination of the 
universally accepted relationship between the acidophil cells and the 
growth hormone in cases of acidophil adenoma and gigantism or 
acromegaly. Additional e-ridence in support of this relationship is 
found in the occurrence of dwarfism in mice and men in cases showing 
total or almost total absence of the acidophils (Smith and MacDoweU, 
1930 ; Hewer, 1942-44). 

In the case of the gonadotropic hormones a combination of both 
methods has been used, and it is concluded that the increased amount 
of gonadotropin recoverable from the urine of castrated animaig is 
to be related to the increase in number and acti-rity of the basiphils 
which accompanies it. This increased production has also been 
demonstrated by assay of excised hypophyses for their hormone 
content (Engle, 1929). 

In her very comprehensive review of the available e-ridence, 
Severinghaus (1937) proposes that this fits in best with a scheme 
which assumes that the basiphils produce the follicle-stimulating 
hormone (F.S.H.) while the acidophils are responsible for the luteinising 
hormone (L.H.). These methods are presumptive only and a cyto- 
chemical test should give a more direct answer. 
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The chemistey op the gohadotkopins 

According to Meyer’s (1938) classification, naturally-occurring 
hexosamine-containing compounds fall into three groups : — (A) neutral 
and acid mucopolysaccharides (which include all the true mucins) ; 
(B) mucoproteins ; and (C) glycoproteins. 

In the last two classes, hexose and hexosamine are linked to 
protein to form an integral part of the molecule and an arbitrary 
division between the two is fixed at a hexosamine content of less 
than 4 per cent, for the glycoproteins. The gonadotropic hormones 
have been proved to be prot;eins containing both hexose and hexosamine 
in their molecule. As regards the foUicle-stimulating fraction from 
the sheep’s anterior hypophysis, Evans et al. (1939) have shown that 
it has a hexose content of 10*3 to 13'1 per cent, and 8 per cent, 
of glucosamine. It is therefore a mucoprotein. These authors state 
that the luteinising fraction contains from 3 '6 to 5-4 per cent, of 
mannose and 3-8 to 5-8 per cent, of hexosamine, and Gurin (1942) 
has shown that human chorionic gonadotropin contains 10-12 per cent, 
of galactose and 5-6 per cent, of hexosamine. These, therefore, are 
also mucoproteins. The purest fraction of ox-pituitary growth 
hormone, on the contrary, contains only 0-25 per cent, of sugar and 
less than 0-9 per cent, of glucosamine (Fraenkel-Conrat et al., 1940) 
and is therefore neither a mucoprotein nor a glycoprotein. Figures 
for the sheep are a little above this level. 

None of these hormones has as yet been obtained in an absolutely 
pure form, but the striking difference between the various growth- 
hormone fractions on the one hand and the gonadotropins on the other 
in respect of their carbohydrate and hexosamine content is sufficiently 
weU established. 

The conception of applying the cytochemical technique described 
below to the problem of localising the source of the gonadotropins 
is based, therefore, on the assumption that human follicle-stimulating 
and luteinising hormones are probably both mucoproteins or glyco- 
proteins and that their cell source or sources might be revealed by a 
method capable of demonstrating these substances. 

The peeiodic-acid method in histology 

The use of periodic acid (HIO^) in histology was described by 
McManus (1946) for the demonstration of mucin and independently 
by Hotchkiss (1948), who elaborated the method into a histochemical 
one vdth adequate controls. McManus (1948a) once regarded the 
method as primarily of histological usefulness but (19486) now accepts 
Hotchkiss’s view that it can be used, properly, as a histochemical test. 

Periodic acid is an oxidising agent sufficiently strong to break the 
C-C bond in monosaccharides and it oxidises the 1.2. glycol grouping 
(CHOH-OHOH) to a di-aldehyde. The equivalent amino or alkjd- 
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pio. 1. Bn-sipWls and chromophobes of pituitary gland for comparison with fig. 2 . 

Gram’s stain. X540. 



Fig. 2. Serial section to fig. 1, showing Schiff-positive basiphils and SchifF-po=itive 
Xfi40 cliroraophobes. Periodic acid-Sclfiff, celestin blue, hiemalum. 
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Fig. 3.— Schlff-positive p granules in the basiphil cells. Three acidophils occupy the 
centre of the field. Periodic acid-Schiff, celestin blue, h.-cmnlum. X 1100. 



Fig. 4. Lower right, positive staining secretion in an acinus : lower centre, p granules 
in basiphils : upper left, vesiculate chromophobes : the tvro large pale cells in the 
centre are acidophils. Periodic acid-Schiff, celestin blue, hiemalum. X 1100. 
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(iniino derivatives of 1.2. glycol or its oxiclation product CHOH'CO 
arc also attacked and converted to aldehydes. These, however, are 
not oxidi.‘^ed to any extent by periodic acid and .can be combined 
with lencofiichsin {Schiff’s reagent) to give a red dye. 

Theoretically a large number of substances contain the 1.2. glycol 
grouping for which the reaction is specific and should therefore give 
positive results but, according to Hotchkiss, naturally-occurring 
animal substances which in fact do so are monosaccharides, polj'- 
saccharides, mucoproteins, glycoproteins, phosphoiylated sugars, 
cerebrosides and inositol-containing lipoids. After the use of ordinary 
aqueous fixatives only substances of high molecular weight should 
remain in the tissues in sufficient quantity to give a positive 
reaction. These substances are mucopolysaccharides, mucoproteins 
and glycoproteins. 

In fact, large amounts of the important polysaccharide glycogen 
and small amounts of sugar-containing lipoids also remain. Glycogen 
may be removed by short hydrolysis with ptyalin or diastase, while 
Hotchkiss endeavours to remove the cerebrosides and other lipoids 
by using 70 per cent, alcoholic solutions. As Lison (1936) points out, 
fixation renders lipoids histologically insoluble, though their chemical 
characteristics indicate ready solubihty, and these lipoids also remain 
to complicate the procedure. 

In practice, however, bearing in mind these objections, a positive 
result with a negative control indicates mucopolysaccharide, muco- 
protein or glycoprotein. The amoimt of the leuco- dye converted into 
the red substituted dye is dependent on the weight of glycol structure 
present in the tissue concerned and this is highest in the first group 
and lowest in the third. Substances containing less than 1-2 per cent, 
of hexose or hexosamine give only a faintly positive reaction. 

Application of the method 

The cytocfaemical part of the method is applicable after any of the usual 
jSxatives, and the cytological part is improved by those which contain mercury 
or dichromate. Sections are treated with a solution of periodic acid in 70 per 
cent, alcohol, this solvent being chosen on theoretical grounds, since muco- 
proteins and their oxidation products are soluble in water and might be dissolved 
away by aqueous solutions during the reaction. Excess of periodic acid, including 
any which has combined with metals present in the tissues, is removed by the 
use of an acid reducing rinse. Schiff’s reagent is then applied to the sections 
and also to untreated controls. 

Mucoproteins are stained red in the treated sections only. In order to make 
the sections comparable the nuclei are then stained with celestin blue and the 
a granules with orange G. A modification of Berblinger and BurgdoiTs {1934-35) 
phosphotungstic acid — orange G has been found most effective. The method 
finally adopted is as follows, in which stages 3 and 5 follow exactly the technique 
of Hotchkiss. ^ 

Technical details 

1 . Treat with iodine and thiosulphate to remove salts of mereurv 

2. Bring sections to 70 per cent, alcohol. 
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3. Leave for 5 minutes in periodic acid solution A (vide infra) at room 
temperature. 

4. Flood with 70 per cent, alcohol, transfer to reducing rinse B and leave 
for 1 minute. 

5. Flood with 70 per cent, alcohol, leave for 15-45 minutes in fuchsin- 
sulphite solution C. 

6. Wash in running water for 10-30 minutes. In routine work the sulphite 
baths of Feulgen’s method are imnecessary. 

7. Stain the nuclei in 0-5 per cent, ceiestin blue in 5 per cent, iron alum 
(Lendrum and McFarlane, 1940) for 30 seconds and Mayer’s hsemalum for 
30 seconds or longer. If sections have previously been treated with ribonuclease 
the times in this stage may be increased without limit. 

8. Differentiate quickly in 2 per cent, acid-alcohol and blue in water. If 
desired, dehydration, clearing and moimting may be done at this stage. 

The acidophil granules are stained as follows : — 

9. Stain in 2 per cent, orange G in 5 per cent, phosphotungstic acid (solution 
D) for 5-10 seconds. 

10. Wash in running water imtil a yellow tinge is just visible in the acidophil 
areas, or control under the microscope. 

11. Bring through the alcohols to xylol and mount in D.P.X. 


Staining reactions 

“ Colloid ” of stalk and parenchyma and the vesicles 


of the vesiculate chromophobes .... Magenta 

Basiphil granules ...... Dark red 

AcidophU granules ...... Orange 

R.B.C Orange 

Nuclei . . . . . ' . . . Blue-black 


Solutions required 

A. 400 mg. periodic acid {HIO4) are dissolved in 10 ml. of distilled water 
with 5 ml. of a iH/5 sodium acetate buffer (27-2 g./litre of the hydrated salt) 
and 35 ml. of ethyl alcohol. 

B. One granome of potassium iodide and one gramme of sodium thiosulphate 
pentahydrate are dissolved in 20 ml. of distilled water with 30 ml. of ethyl 
alcohol and 0-6 ml, of 2N HCI. The precipitate of sulphur which forms is 
ignored. 

C. Schiff’s solution of Feulgen (Lison, p. 178) or any of its modifications 
may be employed. 

D. Two per cent, orange G (C.I. no, 27) in 6 per cent, aqueous phospho- 
tungstic acid. Orange 11 (C.I. no. 151) may be substituted for orange G with 
little change in the quality of the staining. The colour is deeper and more 
resistant to removal from the backgroimd structures. 


RbSTJI/TS 

Applying this method to human hypophyses removed routinely 
at autopsy, fixed in Helly, Zenker, half-saturated mercuric chloride 
in formol-saline or formol alone, it is found that the “ coUoid ” of the 
stalk, the “ colloid ” in the parenchyma of the gland (fig. 4) and the 
granules of the basiphils are all stained positively. The a granules 
are completely colourless after periodic acid-Schiff (P.A.S.) and take the 
orange counterstain. Examination of material, in serial sections, by 
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P.A.S. and by Gram’s and Mallory’s methods leaves no doubt that it is 
the P granules which are SchifT-positivc, no trace of red being found in 
the acidophil granules (figs. 3 and -t). Purthermore the absolute identity 
of the basiphils with the P.A.S.-positive cells may be established by 
staining with P.A.S., identifying the cells, removing the red dye by 
bleaching ^vith acid permanganate and re-staining the basiphil material 
in the same cells with celcstin blue or other basic dye. The granules 
of the basiphils retain their affinitj'^ for the basic dj'cs after conversion 
of their carbohydrate by periodic acid and its fixation bj’^ leuco-fuchsin, 
part of this being due to the strongly dissociated acid groups of 
nucleoprotein which remain intact. Tliis nucleoprotein (ribonucleic 
acid) is removable by hj'drolysis with ribonuclease, as shown by 
Desclin (1940). and the true ^ granules wlfich remain are no longer 
strongly basiphil. The}-- are still P.A.S.-positive but are now less 
basiphil than the a granules, staining only faintly after 24 hours in 
5x 10 M methylene blue at pH 6-4, whereas the a granules are deep 
blue at this pH. 

The true ^ granules are thus P.A.S.-positive and only weakly 
basiphil in neutral solutions. They do not show the strong meta- 
chxomasia characteristic of mucopolysaccharides when stained with 
dilute aqueous thionin or toluidine blue and they are stable to both 
diastase and hyaluronidase. It is therefore concluded that they consist 
of muco- or glycoprotein. 

These find^gs are directly opposed to those of McManus (19486), 
who now states that “ some of the acidophile cells of the human 
hypophysis ” stain positively, though his previous references (1946, 
1948a) were only to “ certain pituitary cells.” They agree with those 
of Catchpole (1947), who says that a glycoprotein material is associated 
with the granules of castrate cells in rats. 


In a variable proportion of chromophobes, predominantly those 
in the basiphil areas of the gland, are found accumulations of small 
vesicles of varying size which stain bright magenta-red (figs. 2 and 4), 
These can be seen in imstained preparations as isotropic refiractile 
bodies and the colour produced in them by the periodic acid-Schiff 
method resembles that of the “ colloid ” very closely, though it differs 
appreciably from the dark red of the basiphil granules. Some 
chromophobes contain two or three vesicles only, while others are 
filled with them. They also occur in many of the basiphil cells and 
in these the number of ^ granules is often reduced. In 130 pituitaiy 
glands, ranging from a 10-weeks’ foetus to a woman of 84, 14 were 
found with Schiff-positive vesicles in cells with orange acidophil 
cytoplasm, but true vesicles do not seem to occur in cells containing 
a gramffes. ^ese sometimes show a fine P.A.S.-positive dusting fr 
the Golgi region of the cell, which is possibly connected with this 


1 . vesicles in the vesiculate chromophobes cannot 

be decided with certamty, but the possibility of their being lipoidal 



198 


A. G. E. PEARSE 


3. Leave for 5 minutes in periodic acid solution A (vide infra) at room 
temperature. 

4. Flood "with 70 per cent, alcohol, transfer to reducing rinse B and leave 
for 1 minute. 

6. Flood with 70 per cent, alcohol, leave for 15-45 minutes in fuohsin- 
sulphite solution C. 

6. Wash in running water for 10-30 minutes. In routine work the sulphite 
baths of Feulgen’s method are unnecessary. 

7. Stain the nuclei in 0-6 per cent, celestin blue in 5 per cent, iron alum 
(Lendrum and McFarlane, 1940) for 30 seconds and Mayer’s hmmalum for 
30 seconds or longer. If sections have previously been treated with ribonuclease 
the times in this stage may be increased without limit. 

8. Differentiate quickly in 2 per cent, acid-alcohol and blue in water. If 
desired, dehydration, clearing and mounting may be done at this stage. 

The acidophU granules are stained as follows : — 

9. Stain in 2 per cent, orange G in 5 per cent, phosphotimgstic acid (solution 
D) for 5-10 seconds. 

10. Wash in running water until a yellow tinge is just visible in the acidophil 
areas, or control under the microscope. 

11. Bring through the alcohols to xylol and mount in D.P.X. 

Staining reactions 

“ Colloid ” of stalk and parench}nna and the vesicles 


of the vesiculate chromophobes .... Magenta 

Basiphil granules ...... Dark red 

Acidophil granules ...... Orange 

R.B.C Orange 

Nuclei . . . . . - , . . Blue-black 


Solutions required 

A. 400 mg. periodic acid (HIO^) are dissolved in 10 ml. of distilled water 
with 5 ml. of a M/5 sodium acetate buffer (27-2 g./Iitre of the hydrated salt) 
and 35 ml. of ethyl alcohol. 

B. One gramme of potassium iodide and one gramme of sodium thiosulphate 
pentahydrate are dissolved in 20 ml. of distilled water with 30 ml. of ethj'l 
alcohol and 0-5 ml. of 2N HCl. The precipitate of sulphur which forms is 
ignored. 

C. Schiff’s solution of Feulgen (Lison, p. 178) or any of its modifications 
may be employed, 

B*- cent, orange G (C.I. no. 27) in 5 per cent, aqueous phosph®' 

tragstic acid. Orange II (C.I. no. 151) may be substituted for orange G v''ith 
little change in the quality of the staining. The colour is deeper and more 
resistant to removal from the backgroimd structures. 


Results 

Applying this method to human hypophyses removed routinely 
at autopsy, fixed in Helly, Zenker, half-saturated mercuric chloride 
in formol-saline or formol alone, it is found that the “ colloid ” of the 
stalk, the “ colloid ” in the parenchyma of the gland (fig. 4) and the 
j8 granules of the basiphils are all stained positively. The a granules 
are completely colourless after periodic acid-Schilf (P.A.S.) and take the 
orange counterstain. Examination of material, in serial sections, by 
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P.A.S. and by Gram's and Mallory’s methods leaves no doubt that it is 
the p crannies n-hich arc SchifT-positive, no trace of red being found in 
the aciclopliil granules (figs. 3 and 4). Furthermore the absolute identity 
of the basiphils with the P.A.S.-positivc cells may be established by 
staining with P.A.S. , identifying the cells, removing the red dye by 
bleaching with acid permanganate and re-staining the basiphil material 
in the same cells with cclcstin blue or other basic d 3 'e. The granules 
of the basiphils retain their affinitj' for the basic dj’es after conversion 
of their carbohj’drate bj’ periodic acid and its fixation bj' leuco-fuchstn, 
part of this being due to the strongly dissociated acid groups of 
nucleoprotein which remain intact. This nucleoprotein (ribonucleic 
acid) is removable bj’ h 3 *drol 3 *sis with ribonuclease, as shown b 3 ' 
Desclin (1940), and the true ^ granules which remain are no longer 
strongh^ basiphil. The 3 * are still P.A.S.-positive but are now less 
basiphil than the a. granules, staining onl 3 * faintl 3 * after 24 hours in 
5 X 10 M methylene blue at pH 6'4, whereas the a granules are deep 
blue at this pH. 

The true jS granules are thus P.A.S.-positive and only weakl 3 ^ 
basiphil in neutral solutions. The 3 ' do not show the strong meta- 
chromasia characteristic of mucopol 3 ’saccharides when stained with 
dilute aqueous thionin or toluidine blue and the 3 ' are stable to both 
diastase and hyaluronidase. It is therefore concluded that they consist 
of muco- or gl 3 ’coprotein. 

These findings are directly opposed to those of McManus (19486), 
who now states that “ some of the acidophile celb of the human 
hypophysis ” stain positively, though his previous references (1946, 
194Sa) were only to “ certain pituitary cells.” They agree with those 
of Catchpole (1947), who says that a glycoprotein material is associated 
with the granules of castrate cells in rats. 

In a variable proportion of chromophobes, predominantly those 
in the basiphil areas of the gland, are found accumulations of small 
vesicles of var 3 dng size which stain bright magenta-red (figs. 2 and 4). 
These can be seen in unstained preparations as isotropic refractile 
bodies and the colour produced in them by the periodic acid-Schiff 
method resembles that of the “ colloid ” very closely, though it diffeis 
appreciably from the dark red of the basiphil granules. Some 
chromophobes contain two or three vesicles only, while others are 
ffled with them. They also occur in many of the basiphil cells and 
in these the number of ^ granules is often reduced. In 130 pituitary 
glands, ranging from a 10-weeks’ foetus to a woman of 84, 14 were 
ound with Schiff-positive vesicles in cells with orange acidophil 
cytoplasm, but true vesicles do not seem to occur in cells containing 
a gr^Tdra. ’aese sometimes show a fine P.A.S. -positive dusting iS 

the Golgi region of the cell, which is possibly connected with this 
apparatus. 

vesicles in the vesiculate chromophobes cannot 
be decided wath certainty, but the possibility of their being Upoif ’ 
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or composed of lipoid-coated mucoprotein has been considered. They 
are not doubly refracting and cannot be stained with osmic acid or 
with Scharlach R, but they can be demonstrated with neutral red 
■or Sudan black B in paraffin sections. Neutral red, however, colours 
the colloid and the basiphil granules as well. 

From these results the following conclusions are drawn : — 

1. The granular material in the basiphils is a mucoprotein and 
represents the gonadotropic (follicle-stimulating) hormone, with or 
without luteinising hormone or its precursor. The vacuoles in normal 
basiphils do not contain the hormone. 

2. The acidophils, because of the complete absence of red coloura- 
tion in the a granules, secrete neither follicle-stimulating nor luteinising 
hormone. This is in contrast to the views of Severinghaus mentioned 
above. 

3. The material in the acini in all parts of the gland contains 
gonadotropin. This may well be the reason for discrepancies shown 
by methods employing bio-assay of presumed acidophil and basiphil 
portions of the hypophysis (Smelser, 1944). 

(4) The vesiculate chromophobes are likely to represent a pre- 
•or post-mature stage in the secretory cycle of the basiphil. Their 
apparent increase in post-menopausal females and in elderly males, 
in^ whom the secretion of follicle-stimulating hormone is normally 
raised to a high level, with their relative absence from prepubertal 
hypophyses, supports this contention. 

Serial counts of the three types of cell in the manner of Rasmussen 
(1929, 1933) have not yet been done. 

With the new method, results are clearer than "with Mallory’s stain 
and d^erentiation of the cell types is easier. It is apparent from 
preliminary counts of small selected fields that there are two major 
•discrepancies between Mallory’s and the present method : — (1) A 
variable proportion of the aniline blue chromophobes contain the 
positive-staining vesicles and might better be classified as basiphilic 
chromophobes. (2) Other Mallory chromophobes contain frank ^ 
granules and obviously belong to the basiphil series. 

Other sites in which mhcopeoteih is found 

Periodic acid-Schiff positive material in the form of granular 
masses, globules and vesicles is found to occur in the trophoblast 
layer of the placenta and in the Langhans cells of chorionepithelioma. 
The granular part of this material is removed by diastase and therefore 
consists of glycogen, but the globules and vesicles are saliva-fast 
and probably of mucoprotein nature : they may thus represent the 
chorionic gonadotropin. 

Two substances additional to those listed by McManus (1948a and b) 
which stain positively are the granules of connective tissue mast cells 
and the acidophil globules, known as Russell bodies, which are found 
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in tlic plasma cells of the lamina propria of the alimentary tract and 
in various granulomata. The former are believed to contain heparin, 
an acid mucopoh'saccharide which should stain strongly by the 
periodic acid-Schiff method, while the Russell bodies are brightly 
positive and probably contain mucoprotein rather than mucopoly- 
saccharide. They are the subject of a short paper published elsewhere 
(Pearse, 1940). 

SUMMARV 

1. In the sheep and ox the pituitarj" gonadotropic hormones are 
mucoproteins, as are the chorionic gonadotropins in man and animals. 

2. The periodic acid-Schiff method can be used as a histochemical 
test for mucoproteins, inter alia, and by its use the gonadotropic 
hormone in the cells of the hj'pophysis can be localised. 

3. The hormone is found to be present in the basiphils and in the 
“ colloid ” of both stalk and parenchyma. 

4. A particular type of vesiculate chromophobe has been described 
and it is suggested that this may represent a phase in the secretory 
cycle of the basipliil. 

5. Positive-staining material is found in the human and animal 
placenta and in the cells of chorionepithelioma ; this may represent 
the chorionic gonadotropin. 

I am greath' indebted to Professor J. H. Dible and Dr I. Doniach for their 
interest and encouragement. I should like to thank Mr J. J. GrifSn for the 
sections and Hr E. V. Willmott for the photomicrographs. 
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6 l 6 . 126 . 42 — 002 (Lambl) 

ON THE MODE OF FOKISIATION OF LAjMBL’S 
EXCRESCENCES AND THEIR RELATION TO 
CHRONIC THICKENING OF THE MITRAL VALVE 

P. R. Magarev 

Dcpotirntnl oj Pathology, Welsh J^ationol School 0/ Medicine, Cardiff 


(PiATES XL-XLIV) 

Lasibl’s exckescexces 

Ik 1856 Lambl of Prague described small filiform processes on the 
ventricular surface of the semilunar cusps of the aortic valve, and 
since that time observers have generally referred to them as “ Lambl’s 
excrescences.” He found them in 2 per cent, of 1000 autopsies and 
noticed that they vere not related to any particular disease : indeed 
they sometimes appeared in quite healthy hearts. Later vriters 
(Eberth, 1873 ; Koechlin, 1909 ; Krischner, 1927 ; Giinzel, 1933) 
described these structures as occurring commonly on the aortic valve 
but only rarely on the mitral. The frequent involvement of the 
mitral valve v>as not reported until Grant ei al. (1928) found them in 
70 per cent, of 40 normal hearts examined. They regarded these 
excrescences as having no pathological significance. Ribbert (1924), 
on the other hand, believed them to be restricted to thickened valves 
and therefore to be regarded as part of a pathological process. 

The presence of these excrescences is still not generally recognised 
and I vras unaware of their existence until, in the course of a study 
of the mitral valve, my attention was drawn to them and I decided 
to enquire into their incidence, causation and possible pathological 
significance. Mitral valves were removed at consecutive departmental 
autopsies performed on both hospital and coroners’ cases, many of 
the latter being cases of unexplained sudden death. Valves showing 
bacterial or active rheumatic endocarditis were excluded but those 
showing chronic thickening were included in order to determine 
whether the presence of the excrescences bears any relation to this 
change. Of the 250 valves examined 85 per cent, showed filiform 
excrescences. The age of the subjects varied from stall-births to 
87 years. Of the 22 who were less than a year old none showed 
excrescences, of those between one year and 60 years of age, 
90 per cent, were positive, while above the age of 60 aU were 
positive (fig. 1 ). 
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If the valve is examined in situ, it is only rarely that the fine tags 
are visible, since they are pearly white or almost transparent and 
most of them lie flat on the surface of the valve. In order to make 
them more obvious the valve should be removed from the heart and 
immersed in water, as was done by Lambl. If it is then examined 
in a strong light against a black background, the tags can be seen 
standing out prominently from the surface of the valve (fig. 2). It is 
helpful to use a binocular loupe magnifying two or three times for 
this examination. 



Acjc in Yeao's. 

Fig. 1. The age distribution of the 250 subjects examined. The unshaded areas 
of the columns represent those in which the mitral valve showed no Lambl s 
excrescences. 


On the mitral valve the excrescences occur only on the auricular 
surface and from one to a score or more may be found on a single 
valve. Generally they occur along the line of closure, either forming 
a row or being grouped in brush-like clusters, chiefly on the summits 
of the nodular thickenings which are ordinarily present near the free 
edge of the cusps. They are less frequently found scattered widely 
over the surface of the valve. They take various shapes ; most of 
them are slender and thread-like (fig. 3) but some are fusiform and a 
few club-shaped (fig. 4). Their thickness is usually less -than 1 mm. 
and their length varies from 1 to 5 mm., although some are nearer 
10 mm. Although they occur quite frequently on valves which 
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I’LATE XL 



I-IO. 2 . A colloction of Lambl’s excrescences on n mitral valve iimier.-''(I 
in water and viewed ncro^is its siirfiire. x C. 
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Fic.. 3.— A slender excrescence covert 
by endothelium and having a pal 
almost acellular centre snth a fir 
dusting of Sudan III . =tainir 
material. H.-cmalum and Sudan II 

X dOi 



"■ould\ake"thestain°strongfv 

lower coil the tube can besfent 
a lumerr represented bv a darl 
In neighbouring sections the 
was found to contain Sudan III 
mg elements. Hiemnlum x l 




covered by endothelium and con- 
wb?'b®r^“^“” m-slainingsubstance 
nhich forms a linear pattern in a 
relatively acellular .stroma. Ha?ma- 
lum and Sudan HI. x 3.3. 



' ’^otomicrographs 


are taken from froren sections. 
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Lamiii.'s kxcrescksces 


Plate XLI 



IG. 7. — A tflg with n dense twisted core 
of elastic fibres continuous with an 
elastic lamina of the valve itself. 
Aloore - Weigert elastic tissue stain. 
X 35. 



Fio. 8. — Structures beneath the .surface of the valve 
with an clastic ti.ssue architecture similar to that 
seen in cross section.s of some .surface tags. Xeigh- 
houring .sections stained with Sudan III demon- 
strated the presence of fatty substance in the 
himina. Moore-Wcigcrt elastic tissue stain, y. 170. 



Fio. 10. — Superficial damage to the valve. There <’s a small encrustation of fibrin on 
the surface and haemorrhage into the tissue iromediatelv beneath. Hiemalum. 
X 140. 



V 



Fig. 9.— a very recent fibrin clot adherent 
to the valve srrrface alongside a tj-pical 
excrescence, the core of which can be 
seen to penetrate a short way into the 
valve proper. Haimalum. X45. 



Fic. 11. — Two deposits of fibrin, the darker being 
the more recent. Both are partially detached 
from the surface of the valve and resemble 
Lambl’s excrescences in outline and size. 
Haimalum. x 30. 
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Plath XLTI 


r.xcnFscKN'crs 



Fig. 15. — Poh-poid cxcresccnco consisting 
mainly of condon=ccI fibrin. Organisa- 
tion has commenced and is well ad- 
vanced along the left hand border. 
Fibroblasts can also be seen growing 
from the underUnng valve into the 
base of the pol.vp. Haemalum. x 17. 



Fig. 13 . — An organised excrescence 
nith a thin, almost acellular appen- 
dage at its tip representing a more 
recent addition. Htemalura. X 25. 



Fig. 14. — A thickened valve show mg structures which represent pre-existing Lambl’s 
excrescences biuried deeph' in the valve substance. TTiere is also a neighbourmg 
surface excrescence nhich has a similar architecture to the buried structures. 
Moore- Weigert elastic tissue stain, x 35. 
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Platk XLIII 


L\.Mni.’s r.xcnKscnscns 




'Ly \ • - :.^.^5C'::-<r*‘-. \ v 


Fig. 1G. — Tlic siirfnco of the vnlvc bencnth tlie hyalini'ed fibrin deposit is roughened 
A few shreds of recent clot form n festoon nlong the free edge. Hremahim. X 17 






the deposit is 
IS some : 
tion. 





/ 
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Fig. 19.— Fibrosis of the deposit has advanced most rapidly on the surface, burving 
some of the fibr.n in which organisation is still progressing, represented bv'the 
paler areas. Hjemalum. x 27. 
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othenvise appear normal, they tend to he more numerous on valves 
which show vascularisation or thickening. 

Histologically most of the e.xcresccnces consist of cellular connective 
tissue covered bj’’ endothelium (fig. 5). jMany also contain a central 
structure which stains as ela.stic tissue (figs. G and 7) and may be 
twisted into a bizarre coil (fig. 5). This structure is sometimes seen 
extending into the substance of the valve, where it may be continuous 
with one of the elastic laminaj of the valve itself. Cross section often 
shows these elastic bodies to be tubular, and occasionall 3 ' smaller 
concentric cj'linders of elastic tissue are found within the main one 
(fig. 8). A substance staining with Sudan III lies between the layers 
of elastic fibres. Other excrescences, apparently in an earlier stage 
of formation, are made up of an almost acellular hj’aline material 
covered by endothelium (fig. 9). These sometimes contain fine 
Sudanophil granules (figs. 3 and 4). 

In GimzeVs opinion these excrescences are formed by a mechanical 
process and are due to the constant bending and buckling of the valves 
leading to a tearing of the subendocardial collagen and elastic fibres. 
A small tag of tissue is thus ripped up from the surface of the valve. 
Krischner supports a similar but slightly modified view. I have 
found no evidence in favour of these hypotheses but would support 
the conclusions of Felsenreich and Wiesner (1916), who considered 
that the excrescences take origin from surface deposits of fibrin which 
have become organised. I have fotmd it possible to trace this process 
in the valves examined. 

While looking for Lambl’s excrescences I found deposits of fibrin 
in 18 cases, i.e. in 7 per cent, of the total number. These occur on the 
auricular surface of the cusps and mainly along the line of closure. 
Their size ranges from less than half-a-mm. to 3 or 4 mm. across, 
the smaller being visible only with a hand lens. Some are fiat and 
plaque-like, others hemispherical, pyramidal or pedunculated. These 
deposits occur either singly or up to about seven on one valve. On 
some of the valves in which the fibrinous deposits are more obvious 
the condition has the appearance of so-called “ terminal endocarditis.” 
I would suggest, however, that fibrin deposition of this kind is not 
necessarily terminal but may occur at any time during fife. These 
depositions may well be consequent upon slight intimal damage 
(fig. 10) caused by the slapping together of the cusps. Their pre- 
dilection for the fine of closure could thus be explained in the same 
■way as rheumatic vegetations, which generally form primarily at 
this site. 


In some instances part of a fibrin deposit becomes lifted from the 
surface of the valve and then resembles a Lambl’s excrescence both 
in size and in shape (fig. 11 ). Stages in the organisation of 
these partially detached fibrin deposits have been seen and the 
foUowmg sequence of events probably leads to the formation of the 
excrescences. 
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A layer of intimal cells grows over the surface of the deposit and 
the enclosed fibrin becomes condensed and hyafine. This hyaline 
substance, which is originally almost acellular, becomes organised 
and is replaced by cellular fibrous tissue (fig. 12). As a rule, it also 
acquires a core of elastic tissue as alreadj’’ described. No blood vessels 
were ever seen in excrescences, either during the process of organisation 
or in the fully organised state. Excrescences once formed may increase 
in size by the addition of further deposits of fibrin, for it is not un- 
common to see an organised excrescence bearing at its tip a small 
acellular hyaline tag covered by endothelium (fig. 13). 

Excrescences were never found below the age of one and are 
therefore not of congenital origin. Their incidence increased with 
age and they were present without exception over the age of sixty. 
They do not appear to be indicative of any particular disease and 
occur on otherwise normal valves as well as on those showing patho- 
logical changes. The conclusion is that they represent a normal 
ageing process and are the result of natural wear and tear. 

ChEONIO thickening of the raTEAL VAI.VE 

During the study of the formation of LambTs excrescences a 
similar process of organisation was found in fibrin deposits which had 
remained fully attached to the valve. This process, occurring 
repeatedly, gives rise to a progressive thickening similar to that 
described by Duguid (1948) in the aorta and by Harrison (1948) in 
the pulmonary arteries. An additional feature of interest is that, in 
such thickened valves, structures with an architecture similar to 
Lambl’s excrescences can often be recognised partly or completely 
buried beneath the valve surface (fig, 14). IVhen these buried structures 
are present, surface excrescences can usually be seen in the neighbour- 
hood and the identical nature of these surface and deep structures 
seems beyond question. 

As stated above, deposits of fibrin were noted on the surface of 
7 per cent, of the valves. Although they are sometimes found on 
normal valves, they are more frequent on thickened valves, suggesting 
that there may be some relationship between the fibrin deposits and 
the thickening. Some deposits consist of fibrin of recent origin and 
have a close reticular pattern with enmeshed red blood cells and 
leucocytes (figs. 9 and 15) ; others have lost this pattern and become 
condensed and hyaline (figs. 15 and 16), and have ceased to take the 
specific fibrin stains. A hyaline mass of this kind shows a variable 
tendency to take up fat stains before there is any obvious cellular 
infiltration from the underlying tissues, a finrlin g similar to that 
described by Duguid (1946) in thrombi in the coronary arteries. 
Beneath the most recent deposits there is no histological change in 
the adjacent tissues of the valve, but later a cellular infil tration appears 
in the underlying structures (fig. 17) consisting mainly of lymphoc3des 
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Pig. 20. A valve in mitral steno^i<i. There arc several layers of fibrin showing 

progressive ehanges, the one on the left being almost replaced by fibrous tissue, 
but darker staining fragments of fibrin are still recognisable. H.T3mnlum. x 33. 



Fig. 21. — From a case not included in the series to show an organismg rheumatic 
vegetation with a recent fibrin clot superimposed. Hiemalum. x 45. 



Fig. 22, The angle of junction of the cusps in mitral stenosis, 
partially obliterate the angle between the surface of the cusps. 


Organising adhesions 
Hsemaium. x25. 
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fliid iDflcroplmgcs* Tiio line of dcniftrcfition between fibrin &nd auIvc 
gurfflce now becomes less distinct* end fibroblcsts grow* from tbc 
underlying tissues into the deeper parts of the fibrin (fig. 18). The 
changes gradually extend until the w’hole deposit becomes con\ erted 
into fibrous and elastic tissue, but even when this process is well 
advanced byalinc fragments derived from the original fibrin frequently 
persist as evidence of the original nature of the lesion (fig. 19). 
Endothelium grows over the deposit from the surrounding valve 
surface (fig. 18) and usually covers it before replacement of the fibrin 
by fibrous tissue is complete. Blood vessels are never seen in this 
organising lesion. Tho end result is a thin layer of newly formed 
fibrous connective tissue on the surface of the valve. Some valves 
show several strata in which this process is seen in different stages of 
development, the changes being invariably less advanced in the more 
superficial layers of fibrin (fig. 20). Serial deposition of fibrin on the 
surface of the valve and its replacement by fibrous tissue thus 
appears to be a mechanism by which the mitral valve progressively 
thickens. 

Two facts already referred to support this contention. One is 
that the fibrin deposits are more commonly found on thickened valves 
than on normal : we appear to be seeing stages in a continuous process 
in which successive depositions of fibrin become orgam’sed. The 
other is the finding of structures having the characteristic architecture 
of Lambl’s excrescences deeply buried in the substance of thickened 
valves. It would appear that the deposition of fibrin on the valve 
surface is a recurrent process and that these deposits are successively 
organised and replaced by fibrous and elastic tissue. Some of the 
earlier deposits have become partially detached before undergoing 
organisation, giving rise to Lambl’s excrescences. Many of these, 
while still erect, have become engulfed in successive fibrin deposits 
with organisation in their neighbourhood. 

A sequence of repeated fibrin deposition and consequent organisa- 
tion may well lead to “ senile ” thickening of the mitral valve and 
also contribute to the progressive thickening of the cusps which 
follows rheumatic carditis and to the genesis of mitral stenosis. 
After the acute stage of rheumatic fever has subsided organisation 
of the vegetations gives rise to irregularities and knobs of fibrous 
tissue. The widespread and successive deposition of fibrin on the 
surface (fig. 21) to which the valve now becomes prone includes the 
angles of junction between the cusps. Here the deposits are found 
bridging the gap and their organisation causes adhesions to form 
between the opposing surfaces of the cusps (fig. 22). This would 
appear to play a part in the progressive development of stenosis, 
as would, in less degree, the thickening of the cusps which results 
from the organisation of deposits elsewhere on the surface. 



208 


F. R. MAGAREY 


Summary 

The mitral valve was examined in 250 routine autopsies for the 
filiform tags known as Lambl’s excrescences. They were present in 
85 per cent. Their incidence increases with age ; they were not 
found in the 22 subjects below the age of one year but were present 
in all of the 75 subjects over the age of sixty. They were not associated 
vdth anj’' particular disease and it is suggested that they are a manifesta- 
tion of wear and tear — part of the normal ageing process of the valve. 

The structure of these excrescences is described and their method 
of formation traced. They are shown to be the result of the organisation 
of partially attached deposits of fibrin on the surface of the valve. 
Some fibrin deposits were fuUy attached and lying flat on the auricular 
surface of the cusps where they were becoming organised. This 
process appeared to occur repeatedly, leading to gradual thickening 
of the cusps. 

In mitral stenosis, deposits of fibrin undergoing organisation were 
found on the surface of the valve, including the angles between the 
cusps. It is suggested that organisation in this situation contributes 
to the progressive development of the stenosis. 

I am very grateful to Professors J. B. Duguid and Jetliro Gough for their 
encouragement and advice. My thanks are also due to Mr J. P. Napper for his 
assistance with the photography. 
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A CASE OF KALA-AZAR WT:TH CIRRHOSIS OF 
THE LIVER AND JAUNDICE 


C. S. Cot Wu, I. T. Cot and T. T. Wu 

From the Department of Pathology, Central Hospital, Nanking 

(Plates XLV aot XL VI) 

The art of clinical diagnosis is largel3- based on tbe recognition of the 
anatomical alterations and their attendant functional disturbances 
■which result from the pathological process. The bacterial and parasitic 
infections, owing to their different and often selective effects on their 
hosts, produce different and often more or less characteristic climeal 
patterns of disease, which, with the accessory aids of the laboratory, 
may render a precise diagnosis possible. But the biological inter- 
relation of host and parasite is not stereotj^ed. Both are subject 
to influences of various kinds, and so the clinical and pathological 
picture varies from case to case. The essential features of the disease, 
however, are rarely submerged from recognition. Only when extra- 
ordinary circumstances are present does a particular disease assume 
a totally different form, so that the clinician is put entirely off his 
guard. An example of this kind is seen in the case of kala-azar -with 
cirrhosis of liver which we now report. 

Case report 
Clinical history 

M. S. C. (hospital no. 7699), male, aged 39, married, a native vegetable 
vender of Szechuan, was admitted to the Central Hospital, Chvmgking, on 
14th January 1943. He complained of epigastric discomfort and yellowish 
discolouration of sclera and skin of two weeks duration and of marked abdominal 
distension for one week. Palpitation, dyspnoea and cough with a moderate 
amoimt of frothy expectoration, and oedema of the lower extremities, had been 
present for 4 or 6 days. Two days before admission he had an attack of epistaxis. 
Fever, abdominal pain, nausea and vomiting were absent. The bowels had 
moved regularly once a day, the stools being normal in consistency and colour. 

Previous general health had been good, but since July 1941 he had had 
attacks of “ malarial fever,” each lasting approximately 10 days. The last 
attack, in J^e 1942, was controlled by herb medication. There was no history 
TT diairhosa in the past. His social and economic status was poor. 

enlisted as a soldier and had travelled through Hupeh, Honan 
and but returned to Chungking about 14 years ago. He had been 

m the habit of taking alcohol in small amoimt for many years — about two 
oimces of white wine ” a day. 
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On physical examination the patient appeared chronically ill and poorly 
nourished. His mentality was dull and apathetic. Temperature was 37 C. 
and showed no elevation diwing the period of hospitalisation. The pulse rate 
was 100. The skin was drj% rough, muddy and jaundiced. There was no 
generalised enlargement of lymph nodes, but those in the inguinal region were 
easily felt. The conjunctiva! were injected and scleras icteric. 

The teeth were dirty and pyorrhea alveolaris was noted at the gum margins. 
The throat was clear. There were no abnormal findings in the lungs. The 
heart was normal except for slight upward displacement owing to elevation 
of the diaphragm caused by the great overdistension of the abdomen. This had 
resulted chiefly from gaseous distension of the upper abdomen, but an ascites 
was also present : shifting dullness and a fluctuation wave could be elicited. 
The abdominal wall was tense and stretched, with dilated superficial veins. 
The circumference of the abdomen at the level of the umbilicus was 86 cm. 
Palpation of the liver and spleen was unsatisfactory. There was an indirec 
right inguinal hernia. Slight pitting oedema of the ankles was present. 

Laboratory findings. The blood showed Hb. 7-5 g., B.B.C. 3,600,000, W.B. ■ 
8400, with neutrophils 74, lymphocytes 23 and monocytes 3 per cent. Icterus 
index 23 ; Hijmans van den Bergh reaction biphasic (bilirubin 6 units). Stoo 
not obtained. Urine negative except for a positive foam test for bile. 

Course in hospital. Owing to the critical condition of the patient ony 
supportive treatment was possible. Duodenal intubation had been tried or 
relief of the gaseous distension. The patient’s condition became gradua j 
worse and he died, comatose, on the second day after admission. 


Necropsy 

A partial necropsy was done 16 hours after death. Only » small 
abdominal incision was allowed, and through this the thoracic and 
abdominal viscera were removed. 

Externally the only conspicuous features were the icteric stainmg 
of the skin and sclerotics and the protruding abdomen. The peritonea 
ca'sdty contained about three litres of clear bile-stained fluid. There 
were diffuse petechial htemorrhages in the peritoneum, mesentery and 
retroperitoneal tissue. 

The liver (1210 g.) was rather firm in consistency and yellowish 
brown in colour. Its surface presented fine granularity, with difiiise 
whitish flecks of fibrous thickening and a band of adhesion between 
the right lobe and the diaphragm. On section, the fiver was tough 
and the cut surface showed small irregular lobules of browmsh-yellow 
liver tissue alternating with greyish-white fibrous tissue. A small 
cavernous haemangioma was present in the left lobe. The portal 
lymph nodes were enlarged (2-5xl‘5 cm.), but did not appear to 
have caused interference with the passage of bile through the hepatic 
and common bile ducts. The gall-bladder showed nothing of note. 

The spleen was enlarged (760 g.), extending about 3 cm. below the 
costal margin in the left mid-clavicular fine. It was of doughy 
consistency and its capsule was tense, the out surface bulging out, 
with eversion of the capsule. On section it was congested and deep 
red in colour, and the Malpighian bodies were indistinct. There was 
no appreciable fibrosis. 
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The other intcmnl organs showed no important changes except 
ccchymosis of the lungs, disappearance of the adrenal cortical lipoid, 
hajinorrhagic erosions of the gastric mucosa and several small, well- 
defined superficial ulcers in the mucosa of the colon. 


Histology 


Liver. Sections from different blocks show extensive strands of 
young fibrous tissue traversing the liver tissue in all directions, with 
infiltration by hTnphocj'tcs, plasma cells and large mononuclear cells. 
The normal architecture is much disturbed. In general, the fibrosis 
appears to begin from the portal tracts and subcapsular tissue, with 
irregular extensions into the hepatic lobules. Sometimes isolated 
patches of fibrosis are seen in the midst of liver parench^mia. In more 
severelj- affected areas, diffuse fibrosis preponderates over the sundrnng 
parenchyma, which appears as irregular islands or strands surrounded 
and permeated by fibrous tissue and presenting a picture not unlike 
that of the congenital sj'phihic liver (fig. 1). The liver cells show 
different grades of atrophy. Those towards the periphery* of the 
islands have become shrunken in size and insensiblj’ merge with the 
fibrous tissue. Elsewhere they show fatty changes of varying intensitj*. 
A few liver cells appear hj’pertrophic. Some of the liver-cell cords 
contain bUe thrombi which, however, are absent from the bile 


capillaries and larger ducts. The sinusoids in many places are almost 
obliterated by h5T)erplasia and h3-pertrophy of the Kupffer cells and 
by infiltration with lymphocjdes (fig. 2). These various changes 
would appear to have caused the atrophj" of the neighbouring Uver 
trabeculse. The fibrous areas, apart from being the seat of this cellular 
infiltration and containing some atrophic liver cells, show many bile 
canaliculi. On examination with the high power, a remarkable 
feature becomes immediately obvious. Leiskmania donovam is 
everywhere present in the cytoplasm of the phagocytes scattered 
throughout the fibrous tissue and in the Kupffer cells (figs, 2 and 3). 
A few atrophic liver cells also appear to be invaded by the parasite 
and the large mononuclear cells within the branches of portal and 
hepatic veins and in the hsemangioma are heavilj' parasitised. In 
the areas of less extensive cirrhosis a similar state of affairs is seen, 
but much more liver tissue is preserved. An interesting feature is 
that while some of the islands of liver cells contain bile thrombi, 
others do not. In the former, the sinusoids contain fewer parasites 
and show less hj’perplasia of the Kupffer cells. 


Spleen. Ko conspicuous changes are seen in the capsule. The red 
pulp shows a marked increase of its cells, with a decrease of the red 
blood corpuscles. The Malpighian bodies were all small in size and 
hasmorrhages are present around the vessels of the fibrous trabecula. 
With the high power, the cells of the pulp as well as the endothelial 
cells lining the smusoids and the large mononuclear cells lying free 
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in their interior are heavily parasitised with Leishmania donovani 
(fig. 4). The only cells which contain no parasites are the lymphocytes 
and plasma cells, which are greatly increased in number. 

In addition, Leishmania donovani is found in the following 
situations : — (1) in phagocytes and endothelial cells of the portal and 
pancreatic l3miph nodes ; (2) in phagocytes of the alveolar septa of 
the lungs ; (3) in the endothelial cells linin g the glomerular capillaries 
of the kidneys ; and (4) in the mononuclear cells of the mucous 
membrane of the small intestine, though none was found at the edge 
of the small ulcers. 


Discussion 

To summarise, the case is one of heavy infection with Leishmania 
donovani of the liver and spleen, and, we may assume, of the bone- 
marrow also. But the particular point of interest in this case is the 
cirrhosis of liver. In the literature we can find but few references to 
its occurrence in kala-azar. Hu (1936) noted a moderate increase of 
fibrous tissue in the portal tracts of chronic cases of Leishmaniasis 
and regarded the condition as one of mild biliary cirrhosis. Gabbi 
and Abate (quoted by Brahmachari, 1928) also mention biliary 
cirrhosis in kala-azar. A remarkable form of diffuse cirrhosis was 
described by Rogers in 1908-09. He depicted the liver as tough in 
consistency and with a smooth surface. Microscopically it was a 
diffuse “ intercellular cirrhosis ”, in the connective tissue of which 
shrunken parasites were visible under the high power. Rogers s 
description strikingly resembles the anatomical features of the present 
case. Apparently this type of cirrhosis of the liver in kala-azar is a 
rare occurrence, as we can find no other reports in the literature. 
The case of ictero-ascitic leishmanial hepatitis described by Bonan 
and Mamou (1937) might conceivably be of this kind, but in the 
absence of laboratory proof it cannot be accepted unreservedly. 

We would point out here that the present case is not'one of pre- 
existing atrophic cirrhosis with superimposed leishmanial infection, 
as one might think at first sight. The anatomical changes of the 
usual form of atrophic or diffuse nodular cirrhosis are characteristic : 
there is no biliary obstruction leading to jaundice : though its aetiology 
is obscure, the pathological process is slow and chronic, probably 
resulting from various assaults with intervals of quiescence which 
allow repair and regeneration to occur. On the contrary, the morbid 
anatomy of the present case indicates a generalised active process of 
recent development and rapid evolution. The fibrosis is extensive 
and diffuse and the fibrous tissue generally is uniformly young. This 
process is also faithfully represented in the unusual clinical manifesta- 
tions. Clearly this was an extraordinary type of cirrhosis. 

Apart from the close anatomical resemblance to the case described 
by Rogers, we have reason to believe that the leishmanial infection 
in the present case was responsible for the pathological changes in 





Fig. 2.— Liver tissue from one of the less cirrhotic areas. The Uver cells still appear 
in trabecula;. The Kupffer cells Immg the smusoids, particularly m the centre 
of the field, are hypertrophic and contain numerous I^eishman-Donovan bodies 
in their cjdoplasm. They practically block up the sinusoids. 
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Fig. 3. — Liver : Iiigh-powcr mncnificntion showing numerous pamsiti=ed cells in the 
cirrhotic area. Two bile cannliculi arc seen in the midtUe field- 



FIG. = high.power magnification showing numerous large phagoevtes loaded 

vnth Leishman-Donovan bodies. The Ij-mphoid cells are fre^from farSiTes 
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the liver. The parallelism between the sovcrit3' of the lesion and the 
abundance of the parasites in the same areas of liver stronglj* suggests 
the relation of cause and effect. If this is so, how did the parasitic 
infection bring about the cirrhotic change ? At first sight the finding 
of the parasite in a certain number of damaged liver cells would 
suggest that the parench3Tnal destruction w'as the direct result of the 
invasion and the fibrosis a subsequent development. The follouTng 
considerations, however, do not support this view. ( 1 ) Parasitisation 
of the liver cells is onl3' an occasional and exceptional finding. Should 
direct invasion have been responsible for the destruction of the larger 
areas of liver cells we should expect a more generalised parasitisation 
of the atrophic and disintegrated liver cells in and around the cirrhotic 
areas. ( 2 ) Leishmania donovani is almost exclusively a parasite of 
the reticulo-endothelial cells. So long as these cells were not exhausted, 
the parasites, after ha^'ing multiplied in and caused rupture of the 
Ivupffer cells, would soon be taken up again by new phagocytes. 
Only when h5*perplasia of these cells reached such a state as to block 
the sinusoids and involve large areas would the parasite be likely to 
invade the hepatic parench3Tna. ( 3 ) Leishmania donovani has been 
found (Hu) in heavil5' infected cases of kala-azar without cirrhosis. 
It would seem, then, that in the present instance some other pathogenic 
mechanism was operative. 

The history shows that the patient was a chronic alcoholic, and 
alcohol is generally believed to be one of the principal causes, direct 
or indirect, of atrophic cirrhosis of the liver. But the known effect 
of alcohol on the human liver is the production of an enlarged and 
fatt5’’ organ. Experimentally, alcohol alone does not produce cirrhosis 
in animals. Only when it is combined with some bacterial or chemical 
.poison can it be shown to produce this effect. It is therefore most 
unlikely that a chronic tolerant alcoholic like our patient, who remained 
well for years, could, without apparent cause, develop a rapidly fatal 
cirrhosis. On the other hand, chronic alcoholism might well be a 
predisposing factor rendering the liver ceils more vulnerable to the 
parasitic toxins. That Leishmania donovani produces some sort of 
toxin is evidenced by the clinical symptoms and pathological changes 
encountered in all cases of kala-azar. 

The parasitic infection in the present case had probably been in 
existence for some two years, for Chimgkmg is not an endemic area 
of kala-azar and the patient must have been infected during the time 
he was a soldier, while the s3Tnptoms of hepatic catastrophe and 
the anatomical changes in the liver both indicated a recent develop- 
^ ment. It would seem that either the incubation period was 
unusually long or that the infection was a mild one and had lono- 
remamed latent. The ,-’den flare-np of parasitic activity late in 
the ^ection would suggest some additional factor which lowered 
the tissue resistance. 

In view of these considerations, we may reasonably infer that only 
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a few parasites were originally present in the liver and spleen, and 
probably also in the bone marrow, and that the relation of host and 
parasite was more or less in a state of equihbrium. As the balance 
tilted over in favour of the parasites, the latter became capable of 
more and more unopposed multiplication in the body. In the liver, 
not only were the existing parasites increased in number, but more of 
them were transported by the portal and arterial blood. The sinusoids 
in the periphery of hepatic lobules were thus destined to be the first 
filter and more and more parasites were accumulated there. The 
Kupflfer cells, stimulated by the parasites, imderwent progressive 
hyperplasia with an intensit 3 '’ directly proportional to the number of 
parasites. When a sufficient concentration of toxin had been reached, 
not only the parasitised Kupffer’s cells but the- liver cells also would 
suffer damage. Progressive fibrosis would naturally follow parenchymal 
destruction, with interruption of both biliary and portal flow : . hence 
the jaundice and ascites. 

It will be recalled that hyperplasia of the Kupffer cells and mfiltra- 
tion by lymphoid cells were present everywhere but were most 
pronounced around the cirrhotic areas. Here the sinusoids were 
practically blocked up. The same state of affairs must have existed 
in the cirrhotic areas before destruction of the hepatic parenchyma 
and fibrosis occurred. Blockage of vessels would deprive adjacent 
fiver cells of their blood supply and the consequent fatty and atrophic 
changes would lead to final disintegration, apart altogether from the 
toxic effect of the Leishmania donovani. We believe, however, that 
this also was a pathogenic factor. 

While these hypothetical considerations would explain very well 
the anatomical pictme of the fiver, we must not lose sight of another 
possibility. The history of jaundice and ascites appearing in the 
short period of 3 weeks and the histological changes in the fiver might 
well be attributed to acute infective hepatitis. In fact we are unable 
to exclude this possibility as a terminal event, though equally unable 
to prove its existence. This question must be left unanswered but 
kept in mind. If acute infective hepatitis were responsible for the 
extensive and rapid destruction of the hepatic parenchyma, it might 
also have accelerated the multiplication of the parasites and this in 
turn might have lowered the tissue resistance. That this form of 
cirrhosis has not been more often described, in view of the fact that 
kala-azar is such a prevalent infection in many countries, gives food 
for thought, and we may well ask the question, is this form of cirrhosis 
the combined effect of leishmanial and viral infection ? 

Clinically the signs and symptoms in this case were entirely those 
of portal and biliary obstruction. The course of the disease was so 
short that we were led to think of a possible malignant process. 
Indeed, nothing in the clinical findings had suggested kala-azar. 
Such a complete departure from the usual picture, now adequately 
explained by the extraordinary pathological process in the fiver, is 
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not only interesting in itself, but Iiiglilj" instructive in the differential 
diagnosis of cirrhosis of the liver •with portal obstruction and jaundice. 

SroDiAKr 

1. A case of hea'^-j* visceral leishmaniasis associated with diffuse 
atropliic cirrhosis of the liver and jaundice is described. 

2. Tlie liver was cliaracterised by reduction in size, a rather smooth 
surface and tough consistencJ^ Histologicall}', there is diffuse cirrhosis 
■witli slight variation in intensity in different parts of the organ. 
Leishmnia donovani was present everywhere, in the cirrhotic areas 
as well as in the hj-perplastic Kupffer cells of the surviving liver tissue. 

3. The pathogenesis of the cirrhosis is traced to this parasitic 
origin and the mechanism of its production is discussed. 
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meso-appendix, which joins it to the ileum, in the extensive vascular anastamosis 
between meso-appendix and ileum, and in its thinner outer fibromuscular layer 
and thicker middle lymphoid layer. 

Experimental procedures 

All operations were performed under open-ether anaesthesia and with strict 
aseptic technique. 

1. Production of mucocele of the appendix. Following the method described 
by Grodinsky and Rubnitz (1941) the appendix was exposed and its lumen 
irrigated with 60-80 c.c. of 0-9 per cent, saline by means of a syringe and needle. 
The appendix was then ligated about 2 cm. from its base without including 
the blood vessels. A 2 mm. -thick string was used for ligature, as ordinary thin 
silk sutures cut through the wall, with re-establishment of the lumen. In later 
experiments 2 c.c. of a mixture of sulphaguanidine and penicillin were injected 
into the lumen before ligation. This reduced the incidence of infection and so 
increased the chance of mucocele production. The abdomen was closed in 
two layers. Laparotomy was again performed if no C 5 ^stic mass could be 
palpated in the abdomen two weeks after the first operation and a ligature 
was re-applied if no mucocele was apparent. 

Some of the mucoceles were left undisturbed for varying lengths of time 
up to three months, the animals being killed at intervals. With others the 
abdomen was re-opened and the wall of the mucocele artificially ruptured to 
allow escape of its contents into the peritoneal cavity. Such animals were 
eventually killed at intervals up to six weeks. Five c.c. of the sulphaguanidine- 
penicUlin mixture were introduced into the peritoneal cavity of four rabbits. 
Several small nodules showing foreign-body giant-cell reaction developed after 
two weeks, leading eventually to tiny scars. 

2. Autoplastic transplantation of the mucosa of the appendix. The distal 
3 cm. of the appendix were resected after ligation and the ligated end of the 
proximal portion was cauterised with phenol. The mucosa of the resected 
portion was stripped off and rmiform fragments, 2 mm. in diameter, were cut 
by means of a cork-borer. After washing in a sulphaguanidine-penicillin mixtiue 
they were grafted on to various sites in the peritoneal cavity of the same rabbit. 
About fifteen implants were made at one time. The animals were killed at 
different intervals up to six weeks. 

3. Intraperitoneal injection of mucocele contents sterilised with chloroform. 
The contents of some mucoceles were evacuated into a sterile flask, saturated 
with chloroform and allowed to stand for twenty-four hours. It was hoped in 
this way to kill both bacteria and cellular elements in the sample, while preserving 
its physico-chemical character. The material was finally transferred to a sterile 
Lreschel bottle and the chloroform evacuated. Culture of this material disclosed 
no bacterial contamination. About 10 c.c. of the sterile mucoid contents were 
introduced with aseptic technique through a small abdominal incision into 
the peritoneal cavity of a healthy rabbit. Attempts to remove the mucocele 
intact so that its contents after sterilisation could be inoculated later into the 
same animal failed because of adhesions aroimd the dilated appendix. Filtration 
through a Seitz filter was also unsuccessful. The animals were allowed to 
survive up to six weeks. 


Histological technique 

The tissues were fixed in 10 per cent, formol-saline, Kelly ’s fluid and absolute 
alcohol. They were dehydrated in graded alcohols, cleared in chloroform and 
embedded in paraffin. Sections were stained with Ehrlich’s acid hajmatoxylin 
and eosin, and Weigert’s iron hfematoxylin and van Gieson’s stain. The alcohol- 
fixed sections were stained with mucicarmine. 
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ResUIvTS 

Mucocdt production 

Of fifteen rabbits employed, one developed gangrenous appendicitis 
and another acute appendicitis with purulent peritonitis ; one died 
2*1 hours after operation without obvious cause ; several required 
re-ligation of the appendix. In successful cases the appendix was 
transformed into a sausage-like, globular or pjTiform structure ranging 
from 5 to 15 cm. in length and 2 to 3 cm. in transverse diameter 
(c/.figs. 1 and2). The external surface was congested and usually densely 
adherent to surrounding structures, possibly owing to some leakage of 
contents. Diverticulum formation was frequently observed, indicating 
the weakened state of the wall. Excluding cases where the wall was 
artificially ruptured, none showed a definite perforation, although 
there were several in which this may have happened with subsequent 
closure bj’’ adhesions. Such was frequently the case in animals with 
artificial perforation. The wall varied in thickness, being sometimes 
verj' thin and atrophic, at other times somewhat thicker than normal. 
No definite relation could be established between the size of the 
mucocele and the thickness of its wall, and the duration of the 
obstruction. 

The contents of the mucocele varied greatly in character. In 
some animals it was colomless and translucent and either thin or 
viscid ; in others it was thick and gelatinous. Only these cases 
justify the name of mucocele. Occasionally globules of more tenacious 
mucoid material were found in the sac, but unfortunately the contents 
were not cultured. In a proportion of the animals greyish-white 
opaque pultaceous material occupied the lumen. Direct smears then 
showed numerous Gram-positive and Gram-negative bacilli, with 
large numbers of pus ceUs and disintegrating necrotic cells. Obviously 
infection had been superimposed on obstruction and the condition 
should more appropriately be called pyocele or empyema of the 
appendix. Portions of shed necrotic mucosa were present in some 
cases, and in two, some dark blood clots were found. 

Artificial perforation of the mucocele produced peritoneal deposits 
within 2-4 weeks, and two of the mucoceles which were left intact 
showed similar lesions. The deposits, which varied in size from 
0-2o to 2'o cm. in diameter, were commonly distributed in the neigh- 
bourhood of the cystic appendix. Small deposits were usually globular 
in shape ; large ones occurred as irregular masses. They were firmly 
adherent to the underlying structures and some were encapsulated 
by fibrous tissue. The nature of the contents differed greatly ; in 
general it was semi-solid and greyish, with central necrosis, but deposits 
associated with pyocele of the appendix resembled chronic abscesses 
with dense capsules. Only in a few were the deposits translucent and 
mucoid in character. 
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Autoplastic peritoneal transplantation of mucosa from 
the appendix 

Grafting of mucosa from the appendix into the peritoneal cavity 
was successful in all seven animals, though more “ takes ” were found 
in some animals than in others. They appeared as small indurated 
nodules 0-25 to 0-5 cm. in diameter and were firmly adherent to the 
underlying tissue. Only one graft showed a tiny cyst with watery 
contents. None of the grafts gave gross evidence of mucoid secretion. 


Intraperitoneal injection of mucocele contents 

After the intraperitoneal administration of chloroform-treated 
mucocele contents, one rabbit died in 24 hours without apparent 
cause. Examination showed plaques or irregular masses of gelatinous 
material 2-3 cm. in diameter in various sites within the peritoneal 
cavity, attached by fibrin to the underlying structures. Other animals 
kfiled 7-42 days after injection presented similar opaque and greyish 
deposits but these were firmty adherent to the underlying tissues. 
In addition, some encapsulated mucoid material was found. A few 
deposits had long fibrous pedicles. 

Histological observations 

Wall of mucocele of appendix. In three appendices the mucocele 
wall has become a thin, fibro-muscular structure (fig. 7) with scattered 
remnants of mucosa. In the remainder the outer sero-muscular 
layer, which normally makes up about 2 per cent, of the thickness 
of the wall (fig. 3), is hypertrophic and constitutes nearly 90 per cent, 
of the entire wall (figs. 4-6). The middle lymphoid layer is greatly 
reduced in amount or has entirely disappeared. The inner glandular 
layer (usually 25 per cent, of the wall) has either disappeared completely 
or is compressed so that the glandular tissue is reduced to a single 
investing layer of epithelial cells (fig. 6). These cells, however, are 
stiU secreting mucin. In other cases, especially in artificially ruptured 
mucoceles, the glandular layer has lost its normal complex structure 
and goblet cells are prominent (fig. 4). Inflammatory reaction in the 
wall of the appendix is usually not marked. The mucocele contents 
fail to stain with mueiearmine. 

Peritoneal deposits. Two tjrpes of peritoneal deposits develop, 
although intermediate forms are found. The more common form 
presents a dense fibrous capsule or trabeculae enclosing granular 
necrotic material (fig. 8). Sometimes mucin threads are also present. 
The capsule and trabecula are infiltrated, focally or diffusely, with 
histiocytes, lymphocytes and foreign-bod 3 >' giant cells (fig. 8). Here 
and there are some epithelial-like cells arranged in rows or even in a 
glandular pattern. Their origin cannot be established with certainty. 
The second type displays a picture of organisation. Eosinophilic 
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material is purronnclcd by young fibrous tissue containing numerous 
fibroblasts and often nculy formed capillaries arc observed invading 
the mass. Both the eosinophilic substance and the fibrous tissue 
are infiltrated rvith histiocytes, lymphocytes and sometimes foreign- 
body giant cells (fig. fi). Epithelial-like cells arc also noted. Some 
deposits arc completely organised. Mucicarmine fails to stain the 
liomogcneous matter. 

Fate of peritoneal trail splanls of mucosa of a ppendix. The im j)lanted 
epithelial glandular tissues are surrounded bj’ dense fibrous tissue, 
sometimes vath giant cells, and often with focal collections of 
histioc\i;es. Lymphoid follicles arc present in some grafts. There are 
2-4 glandular structures in each section and some glands show an 
irregular outline with dilatation of the lumen. The latter is empty 
or contains a little pink granular debris or dead cells. Tlie lining cells 
are columnar, cuboidal or flattened. Some transplants give evidence of 
glandular budding but not of cell mitesis. Only one transplant of 
one week’s duration contained a few goblet cells rrith mucin. In 
none of the others is there an}* sign of mucous secretion in the glandular 
cells (fig. 10). True mucous cyst formation is never found. Sections 
of the cystic graft mentioned before show flattened lining cells free 
from mucous secretion. 

Lesions resulting from the intraperiioneal injection of chloroform- 
treated mucoede contents. Two main lesions developed. The first 
resembles the second type of lesion associated Avith peritoneal deposits 
from the mucocele. An eosinophilic homogeneous material is 
surrounded and invaded by young fibrous tissue infiltrated with 
histiocytes, Ijunphocytes and often huge giant cells. The inflammatory 
reaction is seldom intense. This homogeneous material fails to stain 
with mucicarmine. In some parts, mucinous threads and necrotic 
foci are also observed (fig. 11). The second and commoner lesion 
discloses complete replacement of the injected material with young 
fibrous tissue containing numerous fibroblasts and little collagen 
(fig. 12). 


Discussiox 

Experimental ligation of the appendix most often results in acute 
appendicitis and peritonitis, although sometimes there follows dis- 
tension of the lumen with muco-pumlent material (Adrian, 1901 ; 
von Lichtenberg, 1906 ; Phemister, 1915 ; Behan, 1921). However, 
"Vi ells (1936-37) was able to produce mucocele in rabbits by ligating 
me base of the appendix without disturbing its vascular supply. 
He claimed that appendicitis followed only when the mucosa was 

and Bowers (1937) and Wangensteen et al. 
( 0 reported that obstruction of the crecal appendage of dogs 

is usually well tolerated, provided the organ is irrigated before 
n^o oQi mteresting results were obtained by Haeslund 

in newborn rabbits in which bacterial invasion of the 
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intestinal tract had not j^et occurred. He divided the appendix 
after ligating it near its base, leaving the distal segment open. 
Granulation tissue closed the gap and a mucous cyst of the appendix 
developed. In some animals small cystic mucous deposits formed on 
adjacent structures, invested either by epithelial cells or fibrous tissue 
infiltrated with macrophages, l3rmphocytes and giant cells. Nests 
of epithelial-like cells were sometimes present. Mucosal epithelium 
from the cystic appendix grew into the granulation tissue and the 
appendix wall or occasionally extended to the serosal surface through 
the opening. Naeslund also transplanted the mucous coat of the 
appendix, directly or after tissue culture, with bone marrow extract 
and the contents of pseudomucinous ovarian cysts into other rabbits. 
The cells failed to survive except in one doubtful example. Naeslund 
did not commit himself as to the origin of peritoneal cystic masses. 
Rubnitz and his associates (Grodinsky and Rubnitz, 1941 ; Rubnitz 
and Hermann, 1 943) hgated the appendix after irrigating its lumen and 
produced peritoneal deposits. They claimed that pseudomyxoma is 
an inflammatory lesion. They also injected into rabbits by various 
routes mucocele contents devitalised by heating and standing and 
they administered mucocele contents to different species of animals, 
assuming that heterologous transplants would not survive. Secondary 
deposits developed and the authors concluded that it was the mucoid 
material and not the cellular element which was responsible for 
pseudomyxoma peritonei. Donat (1885), Auche and Ohavannaz 
(1898) and Toth (1905) injected the contents of ovarian pseudo- 
mucinous cysts into the peritoneal cavity of rabbits and dogs and 
found that mucoid material was either entirely absorbed or 
encapsulated by granulation tissue. 

My experiments do not substantiate the commonly accepted 
contention that the gelatinous masses of pseudomyxoma peritonei 
are products of appendix epithelial cells spilled into the peritoneal 
cavity. A survey of the literature reveals general agreement among 
authors on the scanty nature or entire absence of epithehal-like 
cells in the gelatinous masses. That such cells originate from the 
appendix is also open to doubt in view of the fact that the serosal 
cells of the peritoneum can assume a cuboidal or columnar form and 
may even result in tubular formations after stimulation (von Brunn, 
1901 ; Cunmngham, 1926). In my animals, transplants of mucosa 
from the appendix survived but none showed evidence of secretory 
activity. Of course it may be argued that the implanted cells are 
rapidly transformed into masses of mucoid secretion and the difficulty 
in finding them is the same as in mucoid carcinoma, where the cellular 
elements virtually dissolve up in the mucus (McCrae and Coplin, 
1916 ; Wilhs, 1934). It is true that some cases of human pseudo- 
mj^xoma peritonei originate from the rare mucoid carcinoma of the 
appendix but it is equally true that many cystic appendices reveal 
no evidence of malignant growth. 
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On the other Imiul, the rc-^ult*. of my cxpcrimcntnl investigation 
present strong support for the opinion of Trotter (1010) ami others 
who consider that psuedomyxoina peritonei is a type of foreign body 
peritonitis. Tluis nieclianieal and chemical irritation of the peritoneum 
by the escaped mucocele contents causes a reactive infiammation 
which leads to slow removal of the gelatinous material by absoiption, 
orcanisation and encapsulation, 'ihe reaction falls into line with the 
peritoneal response to various foreign bodies (Marchand, ISSO , 
Stewart, 1014-15; Florey and Carlcton, 102() ; Ilaythom, 1033; 
Thomas, 103G). 

If one aecepts this view, then constant production of mucus nith 
its continuous passage into the peritoneal cavity becomes an essential 
part of the mechanism. The glands of the appendix must be secreting 
actively a riclily mucous product. If the intraluminal pressure becomes 
too great the glands atrophy and disappear. It would seem that this 
is often prevented by intraperitoneal extravasation of the mucocele 
contents before the pressure becomes excessive and harmful to the 
epithelial lining. The quantity and nature of the extnided mucoid 
material, the extent of the adhesions around the cystic appendix 
and the state of the mucocele wall which determines the escape In* 
rupture or perforation, or even through microscopic openings, are 
also important. Furthermore, the relative sterility of the appendix 
lumen, the intensity of the peritoneal reaction and the possibility of 
absorption by h*mphatic vessels are additional factors that may 
decide the ultimate outcome. It is therefore not surprising that the 
condition is a rare one, although it is possible that minor degrees 
escape attention because of the operation of these factors. 

Details of twelve cases collected by Xaeslund correspond veil 
with those of mj* experimental investigation. However, a survej'^ 
of pertinent literature and examination of the specimens in the 
pathological museum of University CJollege Hospital iledical fSchool 
indicate some divergencies. The peritoneal reaction to the gelatinous 
extravasate in human cases is often extremely delicate, appearing 
merely as grape-like cystic projections from the peritoneum with 
little microscopic evidence of irritation. Only fine fibrous strands are 
seen subdividing the gelatinous masses and inflammatory ceUs are 
msignificant. In some instances the mucoid material may be Ij’ing 
free without encapsvdation (Fraenkel, 1901). Some, too, present an 
appearance suggestive of encysted mucoid material in a blocked 
lymphatic vessel or in the fibrous stroma of the peritoneum with little 
surrounding inflammation. In contrast the experimental examples 
emonstrate vigorous organisation and the peritoneal deposits consist 
c "ofly of an exudate with a relatively small mucoid component. Xo 
satefactory explanation for this difference could be found. Whether 
^ difference in the physico-chemical characters 
of e mucin is difficult to say without further study. Ohtzki (1948) 
mention that different preparations of mucin vary in their action 
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on bacteria and presumably this might influence the reaction of other 
types of cells. 

Cases are also reported in which removal of the original mucocele 
does not arrest the pseudomyxomatous process, which continues with 
unabated energy to produce more gelatinous material in the peritoneal 
cavity (e.gr. Michaelsson’s case 3, 1920-21). Such observations are 
undoubte(^y in favour of a malignant origin and quite likely prompted 
most authors to accept a cellular origin. Woodruff and McDonald 
(1940) after examining 146 cases of cystic appendix concluded that 
ten were grade 1 cystocarcinoma and suggested that these resulted 
from the malignant conversion of a benign mucocele. Their histological 
description, however, recalls papillomatous change rather than 
malignancy. Whether such a tumour is capable of proliferation and 
secretion after transplantation without becoming malignant is still 
conjectural. 

Another interesting problem for future study is the frequent 
coexistence of appendix cyst, ovarian pseudomucinous cyst and 
pseudomyxoma peritonei in females. Ries (1924) has shown that 
this is unlikely to be the result of metastasis. He suggests that some 
of the recurrent types of pseudomyxoma peritonei in females may 
be due to an overlapping lesion that has been overlooked during 
operation. 

SUMIHARY 

1. If uncomplicated by infection, experimental obstruction of the 
appendix leads to mucocele with extravasation of its contents and 
foreign body peritonitis. 

2. Autoplastic peritoneal transplants of appendix mucosa “ take,” 
but the epithelial cells show no evidence of secretory activity. 

3. Intraperitoneal injection of chloroform-treated mucocele 
contents also gives a foreign-body peritonitis. 

4. The relation of the above findings to human pseudomyxoma 
peritonei is discussed and it is suggested that most instances of this 
condition are inflammatory in nature, although there are some cases 
with malignant features which suggest a cellular origin. In such, 
the implanted tumour cells continue to produce mucin which is 
discharged into the peritoneum. 
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A CASE OF mTRADUPvAL SPINAL LIPOJIA 
Douglas H. Collins and W. R. Hkkdebson 

From the Department of Pathology an/l Bacteriology, the University of Leeds, 
and the Department of Xcurosurgery, the General Infirmary at Leeds 


(Plates LI and LII) 


Intkaspinal lipomas, excluding those representing merely masses 
of displaced fat associated irith spina bifida, constitute only about 
one per cent, of all primarj' intraspinal tumours. Thej' fall into two 
distinct groups, intradural and extradural. 

The intradural lipomas are of greater interest because of their 
occurrence in a region generally considered to be devoid of fat cells 
and because of their occasional association with anomalies of develop- 
ment. Ehni and Love (1945), in a comprehensive review of the 
literature, collected only 29 cases of intradural lipomas, including 
4 of their own ftom the jllayo Clinic, Thei’ discussed the various 
theories suggested to explain the occurrence of lipomas within the 
dura mater, their intimate relation to and probable origin within the 
pia, and their predilection for sagittal locations, for the cervico-thoracic 
junction of the spinal cord and for the posterior surface of the cord. 
The symptoms usually appear at one of three age periods — before 
the third year, in adolescence and about the age of forty — and thej^ 
are often present for many years before producing serious disability. 
It is probable that the tumours originate m foetal life. 

The extradural lipomas, on the other hand, are not congenital ; 
they occur at all ages and usually have a short history. There is 
no characteristic segmental distribution and they are often associated 
with multiple lipomas or obesity. 

The present case is reported because of the rarity of intradural 
lipomas. The occurrence of a severe Isypho-scoliosis at the same 
segmental level as the tumour obscured the pre-operative pathological 
diagnosis. 


Case Report 

il. C., a male aged 40 years, was admitted to the Leeds General 
Infirmary as a case of recent spastic paraplegia associated with kypho- 
scoliosis and bronchiectasis of many years duration. 
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Clinical history 


Previous history. At 3 years of age he had pneumonia and he was educated 
at an open-air school because of a “ weak chest.” At 16 a “ lump ” developed 
on the back, and he stated that the spinal deformity had remained unchanged 
smce then. At 20 he had an illness consisting of gross weakness and sensory 
loss of the legs, very similar to the present attack except that it cleared up 
spontaneously after a few months. He stated that the attack began with cramps 
in the legs and a sensation of coldness which gradually ascended from the feet 
to the upper chest ; this was followed by sensory loss and weakness of the 
legs, right more than left, and after three months he was unable to walk. After 
some months in bed recovery started spontaneously and within a year he was 
again walking normally and had returned to work. He remained well and able 
to work as a wool bundler until the onset of the present attack. 

Recent history. In August 1947, five months before operation, he again 
noticed cramps in the calves and numbness and wealcness in the legs, first the 
right, then the left. These symptoms started while he was in another hospital 
imder treatment for bronchiectasis, his admission there having been necessitated 
y a single hsemoptysis one month previously. After his return home, the leg 
sjmptoms progressed and in September he had difficulty in walking ; the 
weak and the right was paralysed. There was also increasing 
difficulty with micturition. There was no spinal or root pain. Eventually the 
paraplegia became complete. 

Examination on admission showed that the general condition was good, 
u he was coughing up a certain amount of foul-smelling sputum. There was 
gross i^per dorsal kypho-scoliosis with the convexity to the right ; it was 
no tender. The cranial nerves and arms were normal. The legs showed complete 
paraplegia with moderate spasticity, sustained bilateral knee and anide clonus 
and extensor responses. There was complete loss of all forms of sensation up 

6vel at T4, absent abdominal reflexes and retention of urine with 
overflow mcontmence. 


Lumbar puncture showed a complete block on jugular compression. The 
cerebrospmal fluid was clear and straw-coloured ; it contained 1300 mg. of 
protem per 100 c.c. and 1 cell per c.mm. 

X-ray examination showed that the summit of the kyphosis was at T4-6 ; 
ere was no evidence of active bone disease or of paravertebral abscess and 
no gross changes were seen in the lungs. 

Clinically, there was thus a complete transverse spinal-cord lesion and its 
we coraespon ed to the summit of the kyphosis ; also, there was no doubt 
about the presence of a spinal block. In order to avoid invoking a double 
pa o ogy 1 a to be assumed that the cord compression was due to the 
ypho-scoliosis, although the latter had caused no trouble for the past twenty 
years un i recent y, and there had been no pain. It was, however, difficult 
o e isve a e spmal curvature of itself could produce a complete block, 
because the gibbus was fairly -rounded and not sharply angulated. There was 
no evi ence o tu eroulous caries, so that it was unlikely that the cord was 
bemg compressed by an imeroded intervertebral cartilage. It was decided 
to seek further inforaation from myelography because of the uncertainty 
about the nature of the compressing lesion and its exact level in relation to the 
kyphosis. 


Myelography . The opaque^ medium injected by lumbar puncture passed 
upwards to a complete obstruction at T6, just below the summit' of the kyphosis, 
where it ended m a concavity suggesting the lower end of a tumour. 

Operation. On 14.1.48 a laminectomy was performed from T1 to T8. There 
was no abnormality outside the dura mater. Opening the dura revealed an 
extensive mass of yellow fatty tissue which completely covered the upper part 
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2 — ^Trans\erse section of pial tipoma situated on the posterior aspect of the 
spinal cord which is seen on the left, compressed and distorted. Heidenham’s 
iron hsematoxyhn. x 3. 
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of the o\po=(Hl spinnl coni. There wore no ndlie‘»i<w‘i l>ef\vccn the ttimour niul 
the durn, ^\hich oppc-ired nomml. The ffttty wirs prc'^umcd to ho n lipotnn. 

tind n. jiieco for hi'^tologv wn"! ent out to n depth of / inni. without the spiiinl 
cord heinc: .«oon. An attempt to Fcpnrnto the Phnrply defined lower mnrgin of 
the tumour from the spinal coni hnd to bo Abandoned because thc\ were too 
firmly Adherent. The tumour npponnxl to lie beneath the pia mntcr nnd to 
be compressing the oord. The lower part of the exposed cord was nonnnl. 

After operation there wn<? no change in the ncnroiogica] condition nnd the 
patient died suddenly 3G hour-s later, presumably from the effect of o’ticma 
of the spinal cord. 

Hisfologij of (issue removed at operation 

This consists of a mass of adipose tissue bearing a few blood vessels 
and delicate fibrous intersections. The free surface is covered by 
layers of arcolar-tj-pe fibrous tissue, presumably the leptomeninges. 
There are no neural elements and no evidence of inflammation. 

Post-mortem examination (16.1.48) 

External appearances. The bodj" was that of a hea^•il3'-built adult 
male with gross k^j-pho-scoliosis of the upper thoracic spine. The 
scoliotic curve had caused displacement of the head and neck to the 
left side of the mid-line. Rotation of the mid-thoracic vertebra; had 
led to a prominent backward angulation of the ribs on the right side. 
There was a recent clean operation scar at the site of laminectomy* in 
the upper thoracic spine. 

Internal examination. Trachea and bronchi contained thick muco- 
purulent exudate. Fleurce. Firm adhesions obliterated the right 
pleural cavity and were present also over the lower lobe of the left 
lung. Lungs oedematous and congested. There was an advanced 
degree of fusiform bronchiectasis affecting aU lobes of both lungs, 
rigidity and thickening of the bronchial walls being more notable in 
the right limg than in the left. There was no naked-eye evidence of 
tuberculosis. Pen'eardzum normal. Heart [I'i oz.). Moderate increase 
of sub-epicardial fat. Dilatation of right auricle, myocardium pale, 
valves normal, coronary arteries healthy. Aorta. Early patchy 
atheroma, limited to the intima, was present, especially below the 
level of the renal arteries. Other organs. Apart from fibrosis of the 
capsule on the diaphragmatic smface of the spleen (3 oz.) there was 
no gross evidence of disease in the other viscera, including the brain. 

Spine 

The vertebral column from C2 to TlO inclusive was removed en 
bloc and subsequently sa^ longitudinally, the plane of the saw-cut 
loUowmg the spinal curves in order to pass through the spinous 
processes and the mid-line of the vertebral bodies as accurately as 
possible. The right half of the specimen so obtained is shown in 
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The deformity. An exaggerated thoracic kypho-scoliosis extends 
rom o 8. The concavity of the backward arch is such that its 
^bs subtend an angle of 80° and there is a marked scoliotic convexity 
to right, with rotation of the vertebral bodies. The deformity is 
coCTected by a simple upward curve in the region C6 to Tl. The 
ro a e of vertebra T4-6 lie at the summit of the kyphosis, 

^para e y ^^storted but otherwise healthy intervertebral discs, 
mere is no evidence of tuberculous or other form of osteomyelitis. 

tumour. A banana-shaped fatty tumour extends from 07 to 
e ower or er of T6 body, i.e. along the upper limb of the kyphosis, 
me dura mater is normal and not connected with the tumour. The 
umour IS atty in appearance and overhes the spinal cord posteriorly 
rom ^ c it cannot be separated. Its surface is covered by a thin 
we o eptome^ges traversed by numerous delicate and congested 
• tumour appears to be entirely enclosed or embodied 

m the leptomemnges. It is nowhere adherent to the dura and it has 
no prolongations along the nerve roots. 


Histology 

intradural structures — tumour 
the level of the intervertebral disc between Tl and 2. 
sections were prepared and stained with Sudan IV, 
Heidenhnf ’ eosin, iron hasmatoxylLn and van Gieson, and 

S£l (fig. 2). The tumour has the histo- 

form nf ^ Simple lipoma. It is composed of the adult 

and sma]j issue cells, traversed here and there by nerve bundles 

fibrous tfssi A thin capsule of loose collagenous 

fatSv Z posteriorly and laterahy. Antero- 

which is pom cajwule bifurcates to enclose the spinal cord, 

ShuT’arSlI embodied in the pia mater, 

trith oiaT Hn t ‘^“^^^tive tissue proliferation in association 

S lvSouW . sometimes gave the appearance of invasion 
rftWndnn^S They record proliferation 

if the fihrnu nerve roots traversing the lipoma, proliferation 

LrL r? “ with extensions 

he tumour on ’+ thickening of the capsule of 

,iJi!nrhrL?^r present in our case, but although the 

V 1 UCS+ flaw Tip m appearance, its surgical removal at any stage- 

vith the spinrcoS’”''' ® connections 

SUMMABY 

A case is reported of intradural lipoma of the upper thoracic spine 
in a man of 40 with gross kypho-scoliosis. There was complete 
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paraplegia of recent development and there had been transient 
paraplegia twenty years previously. Tlie tumour was a simple one 
of adult adipose tissue embodied in the pia mater. 
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In tbe earlier literature, sarcomata Avcrc frequently described as 
arisinc in the th3T-oid gland, but owing to inadequate description 
and illustration it is often impossible to decide whether sarcomatous 
or carcinomatous tumours were being considered. Later, Ewing 
(1940) expressed the opinion that all thAToid “ sarcomata ” preAnouslj’ 
reported were probably carcinomata wliich resembled sarcomata, 
and doubted whether anj’ case of true sarcoma had cA'er been 
satisfactorilj^ demonstrated. He pointed out that the “ small-cell 
carcinoma ” of the th}Toid could readilj’ be mistaken for sarcoma 
and placed the case of Jacobi and Bolker (1942) in tliis group. Wegelin 
(1926) took a less extreme view, believing that although manj' of the 
tumours described as sarcomata were of lepidic nature, true sarcoma 
did occur. Reticulosarcoma (Oberling, 1928) arising primarily in 
the thjToid gland must however be considered a rare disease. 

Ambo (1937) described a “ Eetothelsarkom ” of the thjToid and 
could find no other similar case in the literature. Rice (1932), however, 
gave a detailed account of five cases of “ lymphosarcoma ”, Dorothj* 
Vaux (1937) reported a (41011003*110 reticulosarcoma arising in a thyroid 
which contained large foci of l5T3aphadenoid tissue, Graham (quoted 
b3’ Joll, 1939-40) described a case of l3Tnphosarcoma which he believed 
had developed from struma hunphomatosa, and Ade (1941) recorded 
a case of chronic atrophic th5Toiditis developing into lymphosarcoma. 
Trempe et al. (1943) described a case of lymphoblastoma arising 
primarily in the thyroid, with secondary tumours in the testicle. 
These cases are discussed in greater detail later. 

The present paper describes 5 cases of primary reticulosarcoma 
of the thyroid and discusses the relation of this neoplasm to the 
various types of lymphoid hyperplasia and in particular to the struma 
l3Tnphomatosa of Hashimoto. 


Case reports 

Case I 

A. >1., a mamed -vroman aged 70, was admitted to the General Infirmarv 
at Leeds ^der Dr John Towers on 5th April 1944, complaining of a swelling 
on the right side of the neck, first noticed in December 1943. It had increased 
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steadily in size but did not become painful or tender. For two months there 
had been hoarseness, dysphagia and slight dyspnoea on exertion, with some 
loss of weight. On examination a large swelling was found occupying the 
right anterior and posterior triangles of the neck and extending across the 
mid-line to the left side, where there was a small swelling deep to the stemo- 
mastoid muscle. The swellings were of “ rubbery ” consistency and irregular 
in outline ; they did not appear to be fixed to the skin or deeper structures 
and they moved on respiration. Radiological examination showed great cardiac 
enlargement and arteriosclerotic changes in the aorta. The swelling in the 
neck was considered to be a very large thyroid, without evidence of over- 
activity. The cardiac symptoms were thought to be due to myocardial fibrosis 
resiilting from coronary atheroma and to be unassooiated with the thyroid 
lesion. On 1st May 1944, bilateral thyroidectomy was performed by Sir Dighy 
Chamberlain. The patient died 2^ years later, on 22.10.46 ; no further informa- 
tion is available. 

The specimen removed at operation measured 4x2|x2J inches in the 
vertical, transverse and anteroposterior diameters. On section it was irregularly 
lobulated, but nowhere presented an appearance suggesting thyroid tissue. 
Individual lobules were of tumorous aspect, the largest measuring 2J inches m 
diameter. On section this tumour appeared to be malignant. Two smaller 
tumours, each about 14 inches in long diameter, were respectively intensely 
haemorrhagic and very firm and white. A fourth smaller tumour about J inch 
in diameter was also somewhat haemorrhagic. 

Histology 

Three separate portions were taken for histology. Two of the 
tumours present are reticulum-cell sarcomata (fig. 1), being composed 
in the main of spheroidal and polygonal cells of fairly large size, 
often packed tightly together, but -vvith an intervening network of 
reticulum (fig. 2). There are widespread early necrotic changes, 
and in these areas especially there are accumulations of lymphocytes 
and smaller numbers of pol 3 Tnorphs, There are also many large 
macrophage-type cells, some of them with foamy cytoplasm, others 
heavily charged with dark broAvn granular iron-reacting pigment. 
Even in the more cellular areas there are scattered lymphocytes, 
plasma cells and polymorphs. 'Mitotic figures are numerous in 
the tumour cells. Towards the periphery of these lobules, where 
they abut on broad fibrous septa, reticulum cells are fewer and 
have more abundant pink-staining cytoplasm, while lymphocjdes are 
present in large numbers. In fact the appearance at the periphery 
is suggestive of a reticulosis rather than a reticulosarcoma. Blany 
patches of haemorrhage are associated with the necrobiotic change. 
A third main nodule consists in part of greatly altered thyroid or 
thyroid-adenomatous tissue, with a very abundant and intensely 
hyalinised stroma. Some of the acini contain rather pale colloid 
and are lined by cubical and flattened epithelium. Elsewhere there 
are smaller acini, both solid and luminated. Towards the periphery 
of this nodule there is an incomplete marginal zone of reticulosis or 
reticulosarcoma, with groups of small sohd or luminated acini embedded 
either in the cellular tissue (fig. 3) or in densely hyalinised fibrous 
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Fig. 1. — Reticulosarcomn, case 1. Haimatoxy- 
lin and eosui. x300. 



Fic. 2. — Reticulo«arcoma, case 1. Silver 
impregnation, x 300. 



Fig. 3.-Small thjToidlacini embedded in ceUular tissue mainly composed of lympho- 
cytes. Case 1. H. and E. x loo. 
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steadily in size but did not become painful or tender. For two months there 
had been hoarseness, dysphagia and slight dyspnoea on exertion, with some 
loss of weight. On examination a large swelling was foimd occupying the 
right anterior and posterior triangles of the neck and extending across the 
mid-line to the left side, where there was a small swelling deep to the stemo- 
mastoid muscle. The swellings were of “ rubbery ” consistency and irregular 
in outline ; they did not appear to be fixed to the sldn or deeper structures 
and they moved on respiration. Eadiological examination showed great cardiac 
enlargement and arteriosclerotic changes in the aorta. The swelling in the 
neck was considered to be a very large th 5 n:oid, without evidence of over- 
activity. The cardiac symptoms were thought to be due to myocardial fibrosis 
resulting from coronary atheroma and to be unassociated with the thyroid 
lesion. On 1st May 1944, bilateral th 5 rroidectomy was performed by Mr Dighy 
Chamberlain. The patient died 2 J years later, on 22.10.46 ; no further informa- 
tion is available. 

The specimen removed at operation measured 4x2fx2J inches in the 
vertical, transverse and anteroposterior diameters. On section it was irregularly 
lobulated, but nowhere presented an appearance suggesting thyroid tissue. 
Individual lobules were of tumorous aspect, the largest measuring 2J inches m 
diameter. On section this tumour appeared to be malignant. Two smaller 
tumours, each about IJ inches in long diameter, were respectively intensely 
hjemorrhagic and very firm and white. A fourth smaller tumour about f inch 
in diameter was also somewhat limmorrhagic. 

Histology 

Three separate portions were taken for histology. Two of the 
tumours present are reticulum-cell sarcomata (fig. 1), being composed 
in the main of spheroidal and polygonal cells of fairly large size, 
often packed tightly together, but with an intervening network of 
reticulum (fig. 2). There are widespread early necrotic changes, 
and in these areas especially there are accumulations of lymphocytes 
and smaller numbers of polymorphs. There are also many large 
macrophage-type cells, some of them with foamy cytoplasm, others 
heavily charged with dark brown granular iron-reacting pigment. 
Even in the more cellular areas there are scattered lymphoc 3 d;es, 
plasma cells and polymorphs. '•Mitotic figures are numerous in 
the tumour cells. Towards the periphery of these lobules, where 
they abut on broad fibrous septa, reticulum cells are fewer and 
have more abundant pink-staining cytoplasm, while l 3 Tnphocjdes are 
present in large numbers. In fact the appearance at the periphery 
is suggestive of a reticulosis rather than a reticulosarcoma. Many 
patches of haemorrhage are associated with the necrobiotic change. 
A third main nodule consists in part of greatly altered thyroid or 
thjrroid-adenomatous tissue, with a very abundant and intensely 
hjmhnised stroma. Some of the acini contain rather pale colloid 
and are lined by cubical and flattened epithelium. Elsewhere there 
are smaller acini, both solid and luminated. Towards the periphery 
of this nodule there is an incomplete marginal zone of reticulosis or 
reticulosarcoma, with groups of small sohd or luminated acini embedded 
either in the cellular tissue (fig. 3) or in densely hyahnised fibrous 
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tissue. The arteries here show great medial hyalini.^ation and thicken- 
ing of their walls, and sonictinies intinial hj'alinisation also. 


Case 2 

A. B., a mnrrlecl vroman aged 7G, bad “ for years ” had a goitre which enu'^od 
her no trouble. Six months before operation it began to increase rapidlj in 
size and became painful. She also began to suffer from breathlessness, hoarseness 
and dvsphacia, but without noticeable loss in weight. She was admitted to 
the Gonemrinfirmarj- at Leeds on 22.7.46, and on examination a hard tender 
swellinc was found in the thyroid area, extending laterally behind the stemo- 
mastoid muscles. At operation on 30.7.46, Mr George Armitago found that 
the anterior part of the thjToid was verj- hard and adherent to surrounding 
structures. Seven-eighths partial thjToidectomy was carried out with some 
/lifBculty. Tlie patient died three months later. 

Tlie excised thjToid was enlarged and its surface irregular, particularly that 
of the isthmus and right lobe. There were two “ adenomata ” in the left lobe : 
the istlunus had an appearance suggesth-e of carcinoma. 


Histology 

Sections from the apparently neoplastic tissue of the isthmus 
(fig. 4) show a characteristic reticulosarcoma composed of rounded 
or polygonal cells with ill-defined outlines and vesicular nuclei which 
are rounded or indented. Jlitoses are numerous. A few nuclei are 
pyknotic. Occasional cells are binucleate. In one area the tumour 
is infiltrating adipose tissue (fig. o) and voluntary muscle. Very 
sparse large pale cells suggestive of thyroid epithelium are also present. 
A second block, from the left lobe, includes the two “ adenomatous ” 
nodules of thyroid tissue above mentioned. These contain many 
moderately dilated thyroid acini lined by flattened or cuboidal 
epithelium. Most of the contained colloid is only faintly eosinophilic, 
but some of it in the smaller acini is strongly eosinophilic. The 
stroma is much hyalinised. There is diffuse infiltration of the 
surrounding loose fibrous tissue with lymphocytes, a few plasma 
cells and reticulum cells (fig. 6). Some of the thyroid epithelial cells 
are cuboidal or polyhedral ; a few are angular, elongated or wedge- 
shaped. Their cytoplasm is mostly pale-staining and finely granular, 
but there are occasional ill-defined hyaline areas in the larger cells, 
with a deeper eosinophilic tint suggestive of colloid. The nuclei 
vary in size and shape and some are hyperchromic. ISo mitoses are 
present. The epithelial cells of some acini have coalesced to form 
pseudo-giant cells. No lymphoid germinal centres can be identified. 
There is widespread hsemorrhage, but no vascular abnormality is 
apparent. 

Case 3 

T 5 ^ woman aged 64, was admitted to the Royal Infirmary, 

nradiord, on 28tb Kovember 1934, complaining of a swelling of the fi-ont of 
tne neck. This had first appeared six months previously and had gradually 
mcreased m size. It was associated with a choking feeling and breathlessness 
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on exertion, and she had recently had nausea, occasional difficulty in swallowing 
and some loss in weight. On examination there was some cyanosis of the face 
and neck. A large nodular swelling of dense consistency was present in the 
lower part of the neck, mainly on the left side and in front, with apparent 
extension behind the sternum. The trachea was displaced to the right and 
enlarged glands were palpable in both submaxillary regions. There were no 
symptoms of hyperthyroidism. 

The patient was operated on by Mr F. W. Goyder on 29th November. The 
thyroid gland had a smooth surface and was of rubbery consistency. The 
left lobe was removed completely. It showed on section a imiformly white 
opaque appearance. A tracheotomy tube was inserted, and removed a month 
later when the patient was breathing freely. She was discharged in a satisfactory 
condition on 22nd June 1935. 

On 28th August 1935, some 9 months after operation, she was readmitted 
to hospital under the care of Dr F. E. Chester-Williams, with large tumours 
in the neck and marked dyspnoea. Radium therapy was given on three occasions, 
but the patient died on 18th May 1936. No autopsy was obtained. 

Histology 

Only one block of tissue is available from tliis case, but it is unlikely 
from the description that any portion of the tumour showed frank 
th 3 uroid tissue. The picture is mainly that of a homogeneous dilfuse 
neoplasm, consisting of discrete cuboidal or rounded cells with 
relatively little cytoplasm (figs.. 7 and 8). The nuclei are round or 
oval, with a rather fine chromatin structure, and contain one nucleolus 
or less commonly two prominent nucleoli. A few large binucleate 
cells are seen and mitoses are present in moderate number. The 
tumour cells suggest reticulum cells with a tendency to differentiation 
towards the lymphoblast. Silver impregnation shows that they are 
supported by a fine network of reticulin fibrils. Broad collagen septa 
are absent and there is no tendency to lobulation. There is no evidence 
of necrosis, hemorrhage or hyaline degeneration. 

Some parts show a few atrophic remnants of thyroid acini. These 
are usually compressed and devoid of colloid, but a few small round 
alveoli contain a small amount of eosinophihc colloid. The acinar 
epithelial cells are strongly eosinophilic and show marked variation 
in size of nuclei. In some cases the cells have coalesced to form 
multinucleated giant cells. No mitotic figures are seen. The 
tissue surrounding the atrophic acini consists mainly of small 
lymphocytes, hut nowhere is there any suggestion of l 3 nnph foUicles. 
Lymphocytes are also scattered among the tumour cells, and occasional 
single thjToid epithelial cells are recognised by their eosinophilic 
cjffoplasm. Plasma cells are absent. No part of the section shows 
any weU-formed thjnoid structure. 

Case 4 

E. G., a married woman aged 63, was admitted to the Royal Infirmary, 
Bradford, on 20th October 1946, complaining of a feeling of pressure at the 
back of her throat from a lump which she had first noticed 6 weeks previously, 
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Fig. 6 — Altered thjToid acini related to a zone of infiltration inth lymphocytes, 
plasma cells and reticulum cells. Cose 2. H. and E. X 155. 



Fig. 7. — Reticulosarcoma, case 3. H. and E. X 250. 
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Fio. 8. — Reticulosarcoma, caso 3, showing, in the midst of tiie tumour cells, scattered 
large cells with small deeply-staining nuclei, apparently thjToid epithelial cells. 
H. and E. X 500. 
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Fig. 9. ^Reticulosarcoma, case 4. Ylitoses are prominent in this field. H. and E. 

x350. 
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Fig. 10. — ThjToid tissue showing infiltration tnth hmphocytes and plasma cells. 
Case 4. H. and E. x 225. 



Fig. 11.— Reticulosarcoma, case o. H. and E. x 155. 
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She heel had alight difTiculty in rw allowing but no brcnthlcaanc-a. She hnri 
loat «ome \\oicht recently. On oxnmination a Imrd nodular tumour was felt 
m the right lobe of the thyroid, without fi\ntion. There was no clinical evidence 
of hypcrth\rQidi=m and the patient’s general condition was good. On 
2Sth October the tumour was removed by Mr G. Wliyto M ataon, leaving only 
ft small wedge of the right lobe posteriorly. The left lobe appeared normal. 
X-ray examination of tlio chest and skeleton phowed no evidence of secondary 
deposits. The patient was transferred to the Regional Radium Institute, 
Bradford, on 2Sth Xovember, under the care of Dr F. D. Chostcr-I\ illiams, 
and was treated with radium to a total do=ngo of 4500r. When ^een IS months 
later the patient was well, with no signs of recurrence. 

Tlie excised tumour weighed 24 g. It was ovoid in shape, measuring 
4-S X4 X3 cm., and grejnsh-ycllow in colour. The anterior surface was smooth, 
with a few remnants of fine adhesions. The upper third of the posterior surface 
was also smooth, but the lower two-thirds was rough and no capsule was present 
liere. Tlie cut surface was homogeneous and yeIIowi=h-white. Tlie tumour 
was solid throughout and no tissue resembling thjToid tissue was found. The 
appearances suggested either neoplasm or lyrnphadenoid goitre. 


Histology 

The picture is that of a diffuse neoplastic process with a slightly 
lobular arrangement in places. Obvious thjToid tissue is present 
in one block onl}' out of six taken from various parts. Most of the 
tumour exhibits a very great and very irregular reticulum-cell li^-per- 
plasia (fig. 9). The cells are polygonal, tvith ill-defined margins and 
intercellular processes. The nuclei are oval and often indented or 
lohulated, and the nucleoplasm is vesicular, containing one nucleolus 
and sometimes two nucleoli. ^Mitotic figures are frequent and there 
are occasional binucleate ^ant-cells. Nuclear pyknosis is prominent. 
A few lymphocytes and plasma cells are present even in the more 
homogeneous areas. The picture is further confused by the presence 
of scattered thyroid epithelial cells, appearing as clear cells with 
pale oval nuclei. Both small and large patches of necrosis are evident 
towards the centre of the tumour : these are fidnged with lymphocjdes, 
the nuclei of which show varying degrees of degeneration. Elsewhere, 
reticulum cells exhibit nuclear fragmentation. Ckingested blood- 
vessels and small hsmorrhages are seen in certain parts, with traces 
of hematogenous pigment. A few collagen fibres traverse the 
tumour, and fibrous septa are present in the more heterogeneous 
areas. Reticulin staining reveals the presence of argyrophil fibres 
surrounding the remaining thyroid acini and forming a fine network 
among the proliferating reticulum cells. In many fields there lie 
scattered among the neoplastic cells a few large clear epithelial cells 
which occasionaUy form alveoli filled with eosinophilic colloid. Most 
of these cells have clear vacuolated cytoplasm and large clear vesicular 
ov^ nuclei, but a few have strongly acidophil cytoplasm. In one 
section there is obvious thyroid tissue consisting of acini of variable 
size fined by fla.ttened or cuhoidal epithelium and containing in the 
mam poorl3-stained and vacuolated colloid (fig. 10). Lymphocytes, 
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plasma cells, histiocytes and fibroblasts are abundant here, and there 
is a tendency to lobular arrangement, with peripheral collections of 
lymphocytes suggestive of hyperplastic lymph follicles. Many of 
these pseudo-follicles, however, show central necrosis with nuclear 
karyoixhexis. No areas of hyaline degeneration are found. 

Case 5 

A. W., a married woman aged 54, was admitted to the Duke of York Home, 
Bradford, suffering from a swelling of the neck of four years’ duration. This 
had increased rapidly in size during the previous four months, and for four 
weeks it had been causing dyspnoea and hoarseness. There was no loss of 
weight. On examination there was smooth elastic enlargement of the thyroid 
gland, which was tense within its capsule. The patient was rather obese, with 
a myxoedematous facies, but the pulse rate was normal. Partial resection of 
the thyroid was carried out by Mr Peter McEwan on 13.8.44, with the object 
of relieving pressure symptoms. On 1.9.44 the patient was transferred to the 
Regional Radium Institute, Bradford, under the care of Dr F. E. Chester- 
Wilhams. The thyroid was found to be stUl enlarged and the circumference 
of the neck at the level of the operation scar was 43 cm. She was given deep 
X-ray therapy, 800r to each of four fields of the neck. This caused relief of 
symptoms and rapid decrease in the size of the tumour. After discharge the 
tumoxu recmred and the patient died one month later (7.10.44). 

The operation specimen consisted of several large masses of soft, fairly 
tmiform tissue, with a few opaque patches. The appearances suggested a 
malignant neoplasm. 

Histology 

Six blocks taken from various parts of the specimen show a diffuse 
malignant growth with no frank thyroid tissue, though acinar remnants 
are present in all sections. The tmnour is a pleomorphic reticulo- 
sarcoma with both undifferentiated and differentiated areas (fig. H)- 
In the former the tissue is composed mainly of rather large cuhoidal 
or polygonal cells united by intercellular processes. These cells have 
one or two oval, indented or lobulated nuclei with vesicular nucleoplasm 
containing one or more eosinophilic nucleoh. Mitotic figures and 
multinucleated giant-ceUs are present in small numbers (fig. 12). 
The cells are supported by a delicate network of reticulin, well 
shown by silver impregnation (fig. 13). Dense collagenous bands are 
absent. There are a few scattered lymphocytes but no plasma cells. 
A few isolated thyroid epithelial cells with strongly eosinophihc 
cjdioplasm and small clear nuclei are present. The differentiated 
areas show many smaller discrete cuboidal or round cells with scanty 
cytoplasm and more rounded nuclei. Mitoses are frequent, and 
occasional binucleate cells occur. Many of the nuclei are pyknotic. 
Silver staining reveals many fine reticulum fibrils. A few lymphocytes 
but no plasma cells are seen. Many scattered acidophilic thyroid 
epithehal cells are present and there are occasional thyroid acini, 
in some of which the cytoplasm is eosinophilic, in others vacuolated 
and poorly stained. Some sections show small areas of hsemorrhage 
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Fig. 12. — Reticulo'arcoma, case 5, showing mito=es. H. and E. XoOO. 
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and necrosis, and in one block striated muscle is invaded by the 
tumour cells. The arteries appear normal. 


COMMKN'TAKY 

Tlie five cases of reticulosarcoma here dc'seribed were all in elderly 
women in whom the thjToid gland had increased rapidly in size 
during the previous few months. In two cases a goitre had pre- 
e.visted. All the patients complained of pressure sjTuptoms, but 
there was no clear evidence of cither hypo- or hj’perthjroidism. Three 
of the tumours were focal and nodular, the other two diffuse and 
adherent to surrounding structures. 

Four of the patients died within two years of operation and in 
two of these there was clinical evidence of malignant recurrence. 
The fifth (case 4), who had received early intensive radium therapy 
after operation, is alive and well after two years. 

Histological examination of the tumours removed at operation 
showed a picture of diffuse reticulosarcoma. In cases 1 and 4 the 
growths were relatively undifferentiated ; case 5 showed undiffer- 
entiated areas. !More or less advanced necrosis of tumour tissue was 
present in four, all showed groups of atrophic thyroid acini scattered 
throughout the neoplasm and tumour-free thjToid tissue was present 
in 3 cases. 

The differential diagnosis of these tumours has to be made from 
anaplastic carcinoma on the one hand and lymphadenoid goitre on 
the other. Ewing doubted the occurrence of a true sarcoma of the 
thyroid gland, but both Wegelin and Rice were satisfied as to its 
existence. It is, however, a rare tumour. In none of our cases was 
the histology suggestive of carcinoma. Islets of altered thyroid 
acini and scattered epithelial cells sometimes required careful 
differentiation from the surroimding tumour cells, but these epithelial 
foci were of an atrophic nature and showed no transition to the 
malignant cells. Reticulosarcoma, unhke anaplastic carcinoma of 
the thjwoid, is very sensitive to radiation (Haagensen. 1931). There 
is clear evidence of this sensitivity in case o, but in case 3 the data 
available are insufl&cient to allow us to be certain of this. 

Wilhamson and Pearse (1925) have emphasised the difficult v of 
distinguishing between sarcoma and lymphadenoid goitre. Sections 
from cases of struma lymphomatosa examined by us have shown a 
similar histological picture in some high-power fields, but this was 
always limited to centres of follicles and the follicular structure was 
not destroj-ed. It is possible that Ewing’s photomicrograph was 
taken from such a germinal centre and may be misleading. A similar 
appearance was displayed in some of the present series of cases, but 
was distributed diffusely throughout the tumour. Our cases showed 
notable proliferation of reticulum cells, with numerous mitoses; 
fibrous tissue was generally scanty. Only in case 4 was there a tendency 
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to follicular arrangement in places and here it was associated with 
central necrosis. On the other hand the uninvolved thyroid tissue 
in some of the tumours had similar histological features to those of 
struma lymphomatosa [vide infra). 

Histogenesis 

Ehrlich and Gerber (1935), discussing the histogenesis of Ijunpho- 
sarcomatosis, state that although the reticulum cell is universally 
present in the human body, it is the reticulum cell of lymphatic tissue 
which is predominantly involved in the neoplastic process. It would 
be Reasonable to assume, therefore, that the thyroid, which is often 
the seat of lymphoid hyperplasia, might well be particularly prone 
to tumours of this group. The most striking lymphoid hyperplasia 
in the thyroid occurs in struma lymphomatosa, described by Hashimoto 
in 1912, but it also occurs in struma fibrosa. Foot, in a personal 
communication to Poer et al. (1936), expresses the belief that the 
lymphocytes in struma fibrosa are not so frequently associated with 
germinal centres as they are in struma l 3 unphomatosa. The difference 
or identity of these two conditions is stiU in dispute. In their most 
fuUy developed form they appear as distinct pathological entities, 
but it must be admitted that there are many intermediate forms 
which partake of the characters of both. These characters must 
now be considered in a little detail, since they are of importance in 
determining whether or not they preceded the onset of reticulosarcoma 
in the present cases. 

Most of the American observers have considered the two conditions to be 
distinct (Foot, quoted by Poer e< al., 1936 ; McClintock and Wright, 1937 ; 
Hellwig, 1938 ; Schilling, 1946). Joll (1939-40) also held this view. Those who 
believe the two conditions to be stages of one process include Vaux (1938), 
Renton et al. (1938-39) and Ewing (1940). For the purpose of the present study, 
struma lymphomatosa and struma fibrosa will be considered as separate entities. 

According to Schilling, the th 3 uoid of struma lymphomatosa is diffusely 
enlarged and its surface pseudo-lobulated. On incision, it is finely lobular and 
slightly yellowish. J oil states that neither necrosis, calcification nor abscess 
formation was observed in any specimen examined by him. Struma lympho- 
matosa has three main histological characters : lymphoid hyperplasia, epithelial 
changes and increase in the fibrous stroma. The lymphoid hyperplasia has 
been described by Joll as so diffuse and widespread that the histological appear- 
ances in all parts of the gland are similar. Schilling also states that there is a 
diffuse infiltration by lymphocytes throughout the gland. Lymph follicles 
with germinal centres are characteristically present. Plasma cells are abundant 
and Renton et al., adduce this as evidence of an inflammatory process. 

Changes in the thyroid epithelium are considerable. Muir (1936) is of the 
opinion that the acinar changes are primary and the lymphocytic infiltration 
secondary, as in exophthalmic goitre. Parmley and Hellwig (1946) also consider 
that the acinar changes are primary. They may certaufly resemble those seen 
in the lymphoid hyperplasia of Graves’s disease, as emphasised by Graham 
and McCullagh (1931), and Goldberg and Davson (1948-49) believe that no clear 
distinction can be made between toxic goitre with lymphoid infiltration and 
Ijrmphadenoid goitre ; the difference is one of degree. All this would suggest 
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that the histolocical rocogi\ition of enriy stnima ljniphomftto«ft n frniiglit 
xrith great difilculty. Tlio epithelial clmngca consist essentially m (legencmtion 
of the acini with shrinkage and coalescence of the epithelial cells (Schilling). 
This gives rise in some cases to pscndo.giant coils. The acini tend to be sinallcst 
where the Ijnnphoid hvpcrplasia is greatest ; hero they arc often devoid of colloid 
and may bo solid. The epithelial colls themselves change, assuming a largo 
cuboidal or polyhedral form, with nuclei which arc usually centrally placed, 
In-perchromic and variable in sire. Sometimes these cells are strikingly 
eosinophilic and liver-like (McClintock and Wright). Hcllwig has dc'^cribecl 
similar if not identical eosinophilic cells, some of which were intercalated with 
those of normal appearance in the acini. Sometimes solid strands of these cells 
are present. Iteist (quoted by Hellwig) believes that such cells are a sign of 
degeneration. Pnrmley and Hcllwig describe apparently identical cells ns 
arranged either in acini or solid strands surrounded with Kunphoid tissue : 
they believed them to be “ protoplasm-rich ” cells of Hurthle. Eosinophilic 
cells of this kind occur in diverse conditions of the thyroid : they have been 
observed, by us in a classical case of struma fibrosa. 

Hashimoto liimself regarded an increase in the fibrous stroma as a character- 
istic of struma Ijmphomatosa. Schilling described the fibrous overgrowth as 
having a more delicate texture than the densely collagenous type foimd in struma 
fibrosa and Hellwig described four cases in which there was no increase. 

The gross changes in struma fibrosa are well known. Tliey include both the 
“ iron-hard ” consistencj’ and adhesion to surrounding structures. Histologically 
there is great overgrowth of the fibrous stroma, which is higlily collagenous and 
forms wide hyalinised bands. Finer collagenous strands pass between the 
individual acini — an appearance not seen in the advanced form of struma 
lymphomatosa. As Foot has stated (Peer) “ the fibrous overgrowth seems to 
strangle the parenchyma slowly but certainly,” in contrast to struma lympho- 
matosa, where “ we have the Ijmphoid tissue growing as lymph follicles among 
the parenchjTnatous portion of the gland, and crowding it out that way.” 
Nevertheless Hashimoto, in his original description of struma Ijmphomatosa, 
described sparse acini “ distinguished by their small size ” and lying in the 
hyperplastic fibrous stroma. 

Schilling states that in both struma fibrosa and the condition he describes 
as pseudo-giant-cell thyroiditis (apparently a variant of the other) there is 
thickening of both intima and media of the arterioles. He mentions that German 
has described this condition and has demonstrated it by means of a del-Bio 
Hortega silver method. This vascular change he regards as a point of distmetion 
between struma fibrosa and struma lymphomatosa. Goldberg and Davson 
found that calcification or intimal sclerosis occurred in the larger arteries of the 
thjToid gland in the age-groups in which Ijmphadenoid goitre is common, 
but seemed to bear no relationship to the lymphadenoid changes themselves. 

Ljmphoid hyperplasia is a well-known characteristic of thjTotoxic goitre. 
It also occurs in the atrophic thjToid of myxoedema Emd in conditions of hyper- 
mvolution. In these conditions it is essentially patchy and never generalised 
or diffuse, as in struma lymphomatosa (Joll). Even the normal thjToid may 
show ljmphoid follicles. Simmonds (1913) has described accumulations of 
lymphocjrtes in thyroids which appeared macroscopieally normal. Thej’ were 
rare before puberty, became more common with advancing age and were 
conmoner in females. Nolan (1938) found “ Ijunphecj^tic foci ” in 18-4 per cent, 
o t jToids obtained at routine autopsies. They were somewhat more common 
m females and bore no apparent relation to any particular type of disease, 
+ ^'W^sophthalnuc goitre. Joll figures a Ijunphoid follicle with a germinal 
centre of Elemming type &om a normal thyroid. Smith (1930) states that of 
nomat thpoids removed at autopsj- in subjects who had died from disease 
no mt o vmg this gland, lo per cent, showed Ijmipboid hyperplasia. 
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Finally it should be remembered that reticulosarcoma of the thyroid may 
be a secondary condition due to direct spread or blood-bome metastasis from 
some other (primary) focus. Willis (1931) cites a case of endothelioma of the 
cervical lymph-nodes invading the thyroid described by Flournoy in 1907. 
Ghon and Homan (1916) describe a series of 27 cases of reticulosarcoma in 
■which secondary thyroid involvement oecmred in one case by direct extension 
and in two by blood-bome spread. In one case the acini were atrophic and 
some had completely disappeared. Ehrlich and Gerber (1935), in a series of 
18 cases of lymphosarcomatosis, found three in which there was thyroid involve- 
ment ; the acinar epithelium showed no significant change. A case is also 
mentioned by Mayo and Schlicke (1941). 

Relation of reticulosarcoma to pre-existing lymphoid hyperplasia 

The five cases of reticulosarcoma of the thjroid here recorded 
and certain related cases in the literature -will now be discussed from 
the point of view of their possible origin in a pre-existing lymphoid 
hyperplasia, particularly struma Ijnnphomatosa. 

In only three of the present series (cases 1, 2 and 4) is tumour-free 
thyroid tissue available for study. Undoubted Ijnnphoid hyperplasia 
is present in these thyroids, but it differs in two respects from that 
of struma lymphomatosa : the distribution is less generalised, manj'^ 
low-power fields of cases 1 and 2 being wholly devoid of lymphocjdes, 
and germinal centres are absent, except in case 4, where the follicles 
are atypical and show some degree of central necrosis. Plasma cells 
are also present in cases 1 and 4 but there is little intermingling with 
the tumour cells. 

Acinar changes are pronounced and resemble those seen in struma 
l 3 Tnphomatosa. In sparse areas the acini are small, devoid of colloid 
and sometimes solid ; they are composed of large cells, sometimes 
cuboidal, sometimes polygonal, with pink granular cytoplasm and 
the occasional suggestion of intracellular colloid. The nuclei show 
great variation in size, and possess as a rule only one nucleolus, 
although as many as five have been seen. More frequently the acini 
are luminated and lined by flattened cells, or by clear cells with 
weakly-stained or vacuolated cytoplasm. Moreover, adenomata are 
present in cases 1 and 2 and show degenerate areas with a pale hyaline 
matrix in which the infrequent acini lie singly or in small widely- 
separated groups : these were not found in Toll’s series. 

In two of the cases there is overgro'wth of fibrous tissue and a 
few dense collagenous bands are present, but this has a limited 
distribution and there are no fine strands passing among the acini 
and ‘ ‘ strangling ’ ’ them as in struma fibrosa. Thickening and hyafinisa- 
tion of the media and intima of the arteries have been described in 
struma fibrosa and its giant-ceU variant, but are absent in struma 
lymphomatosa (Schfiling). They are present in case 1 of this series, 
but the clinical history suggests that this may be part of a general 
arteriosclerosis and merely incidental. 

Although the possibility cannot be entirely excluded that these 
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tumours arose from early pre-exi^-ting struma lyinphomatosa, it 
seems more probable that they devclojicd in (be lymphoid hyperplasia 
which is so often found in the thyroid of elderly female subjects. 

Rico clcscribc<l five cnees of lymphosarcoma of (he lluToid in dctnil ; ngnin 
nil the patients \rero women nged 50-80. In cnch, the thjToid tissue not involved 
in the tumour wrts described scpnmtcly, nnd wns found to show h-mphoid 
hj-pcrplasin. In two the I\-mphoid tissue wns scanty, nnd in these the possibilitj- 
of a pre-existing struma l\*mphomntosn can be excluded. In the other three, 
lymph follicles with gcrminnl centres were present. Rico believed that his 
observations gave no support to the theoiy that chronic thjToiditis could 
develop into hinphosarcomn. although tho possibility could not bo excluded. 
It is clear that he considoro<l both struma fibrosa nnd struma Ijanphomatosa 
to be variants of a chronic thyroiditis. Ho stated that plasma cells nnd fibrous 
o\ergrowth were absent in his cases, nnd adduced this ns part of tho cvidcnco 
in establishing them ns cases of tho true IjTnphosarcoma rather than chronic 
thyroiditis. Ho believed, however, that tho tumour had originated from 
lymphoid tissue in tho thjToid. 

Add described a hunphosarcoma of thjToid in a woman of 70. Tlie gland 
was the seat of chronic atrophic thyroiditis with Ij-mphocj'tic infiltration : 
myxoedema had existed before tho onset of tho tumour. Tho lobe of tho thjToid 
not involved in tho growth showed considerable infiltration with lymphocj'tes 
and plasma cells, separating nnd destroying tho vesicles. 

Trempe ct al. described a case of lymphoblastoma arising in the thjToid 
of a man nged CO who had had goitre for eleven years. Tlio further enlargement 
had begun a few months before admission. Tlie gland was extensively calcified. 
The testicles were the seat of tumours wliich had tho same histological characters 
as the thyroid growth. The authors believed that the lymphoblastoma had 
arisen in an old goitre with calcification, although they could not prove this. 
The histological characters of the thyroid were not described, but the calcification 
would exclude a preWous struma lymphomatosa if Joll’s criteria are accepted. 
This is the onlj' case of reticulosarcoma of the thjToid in a male among aU the 
cases described or cited in this paper. 


Conclusion 

Struma Ijunpliomatosa is not a well-defined entity, and after 
reviewing the literature we are not prepared to express a definite 
opinion on the various points at issue. If, however, the views of 
JoU and of Schilling are accepted, it becomes clear that the entity 
they describe as struma lymphomatosa has not yet been identified 
with certainty as the precursor of reticulosarcoma or lymphosarcoma 
of the thyroid. Such a neoplasm certainly arises from lymphoid tissue 
in the gland, but such tfrsue may exist in a variety of conditions and 
indeed its presence is fairly common. It would appear that Teticulo- 
sarcoma may take ongm in any of these types of lymphoid hyperplasia 
in the thyroid, ^d it is, perhaps, the relative rarity of both reticulo- 
sarcoma and struma lymphomatosa that has caused their certain 
association to remam unrecorded. 

TbJd ‘J^es of primary reticulosarcoma of the thyroid gland 
are described, aU of them m elderly women. ° 
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THE PRESENCE AND SIGNIFICANCE OF ALICALINE 
PHOSPHATASE IN THE CYTOPLASM OF MAST 
CELLS 

J. r. Riley and J. M. DIlE^-^'A^- 

From the Wilkie Surgical Research Laboratory and the Department 0 / 
Pathology, University of Edinburgh 

(Plate LIX) 

The behaviour of cells in the course of wound healing is “ strikingh* 
similar to that of the cells of a fragment of tissue cultivated in vitro ” 
(Ludford, 1929, p. 194). Nevertheless the factors which regulate 
cellular proliferation in vivo remain obscure. 

According to Sylven (1941) reparative skin of 

the rat is initiated b}* the release into the tissues of a metachromaticaUy- 
staining substance (free chromotrope substance — F.C.vS.) which is 
derived from the granules of histogenous mast cells. As a -result 
of his studies on tumour growth, Sylven (1945, p. 13) believes that 
the function of this F.C.S. is to provide for the growing cells a matrix 
which “ resembles the nutritional media used in tissue cultivation.” 

As wound repair in the rat approaches completion and as the 
F.C.S. disappears (Sylven, 1941), Fell and Danielli (1943) observed 
that the enzyme alkaline phosphatase participates in the laying 
down by fibroblasts of the argyrophil fibrils which are believed to 
be the precursors of fresh collagen (Maximow, 1927-28; Wolbach, 
1933 ; Hass and McDonald, 1940 ; Wolfe and Wright, 1942). Like 
the F.C.S. of the earher stages of woimd healing the alkaline phos- 
phatase is distributed diffusely throughout the growing zone. 

In view of Sylven’s contention that F.C.S. in the rat is derived 
from the granules of histogenous mast cells, it was of particular 
interest to note that Noback and Montagna (1946) had recently 
demonstrated alkaline phosphatase in the granules of mast cells in, 
this animal. It was therefore decided to investigate the possibility 
that alkaline phosphatase might be present in the granules of ma^ 
cells of other species and that, like F.C.S., it might be released into 
the tissues to play a part in the regulation of cell growth. On theoretical 
grounds the simultaneous presence of F.C.S. and alkaline phosphatase 
in the same cell is not incompatible with the ability of these agents 
to function in sequence, since the acidity of a substance exhibiting 
metachromasia (Lison, 1935) would effectively inhibit an enzyme 
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requiring for its optimum activity an alkaline pH around 9-4. Only 
when the F.C.S. had ceased to stain metachromatically would the 
enzyme become active. 

Accordingly it was decided (1) to examine the mast cells in a 
variety of animal species for alkaline phosphatase by means of the 
technique devised by Gomori (1939), and (2) to determine whether 
any metachromatically-staming F.C.S. which was encountered also 
stained positively for this enz 3 mae. A further purpose of the present 
investigation was to seek fresh evidence concerning the origin of 
histogenous mast cells since, up to the present, only tentative 
conclusions have been drawn (Michels, 1938; Cramer and Simpson, 
1944 ; Holmgren, 1946-47). 


]Matbbiai-s and seethods 


Tissue sections from the following species were examined for the presence 
and distribution of (1) mast cells, (2) free chromotrope substance, and (3) alkaline 
phosphatase : man, mouse, rat, cat, dog, horse, rabbit, guinea-pig, mole, fow , 
frog, axolotl and brown trout. Tongue and skin were selected as being like y 
to contain the maximum nmnber of mast cells (Williams, 1900). Other tissues 
rich in mast cells which were also examined included intestine of fish ®’ 

1923], a biopsy specimen from a case of urticaria pigmentosa (Unna, 189 ) 
and the skin of mice treated with methyl cholanthrene in benzene (Cramer an 
Simpson). 


Fixation and embedding 

A preliminary trial of 4 per cent, basic lead acetate as a separate fixative 
for the demonstration of F.C.S. (Holmgren, 1940) proved unsatisfactory owing 
to the rapid deterioration of this solution. The following technique was therefore 
adopted for all specimens. 

Fresh tissue blocks cut with a sharp safety razor blade to a thiclmess o 
2-3 mm. were fixed in 80 per cent, alcohol for 12 hours and subsequently passe 
through absolute alcohol (12 hours), chloroform (two changes of 3 hours 
chloroform and paraffin equal parts (half an hour in the paraffin oven at 67 
and finally embedded in paraffin in a vacuum bath (6 hours at 67° C.). Sections 
cut at 2 g.. 


Staining 

(1) The characteristic metachromatic tint of the mast-cell granules and 
F.C.S. was demonstrated by staining sections for 30 minutes in a 1 per cent, 
solution of toluidine blue in 1 : 40 alcohol (Sylvdn, 1941), after which excess 
stain was removed with absolute alcohol and the sections were cleared in xylol 
and mounted in neutral Canada balsam. 

(2) Gomori’s method (1939, 1941) as modified by Kabat and Fiuth (1941) 
was used to indicate the presence of alkaline phosphatase. This method rehes 
upon the ability of alkaline phosphatase to liberate phosphate from an ester 
linkage. In the substrate, sodium ;8-glycerophosphate provides the phosphate 
ions which, after liberation by alkaline phosphatase, combine with calcium 
from added calcium nitrate to form the relatively insoluble calcium phosphat^ 
The calcium phosphate so produced remains at the site of its formation an 
therefore has the distribution of the enzyme itself. The substrate also contams 
magnesium sulphate, since magnesimn ions have been found to potentiate 
alkaline phosphatase activity (Erdtman, 1927), together with sodium barbitone 
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to net as a buffer for (ho ruaintonnnee of the nlkalino reaction (pH 0-i) nt wliich 
the onrjmo is most active. Tlic final step in the procedure consists in rendering 
the sitM of cn 7 \-mc activity visible by converting the calcium phosphate— 
throuch cobalt phosphate— to the black insoluble cobalt sulphide. 

The practical application of the technique was ns follows : — 

(1) Tlio .sections after clearing in xjdol nnd removal of xjdol by rinsinc in 
absolute alcohol were loft for 12 hours nt 37° C, in the follon-ing .solution 


3-2 per cent, sodium ^-glycerophosphate 
2-0 ,, calcium nitrate . 

10-0 „ sodium barbitonc 

0-01 JI magnesium sulphate . 

Distilled water .... 


C ml. 
0 


(2) After removal from the substrate the sections were : — 

(a) thoroughly washed with 1 per cent, calcium nitrate, 

(b) covered witli 2 per cent, cobalt nitrate (2 minutes), 

(c) thoroughly washed with distilled water, 

(d) covered with ammonium sulphide (1 ml. fresh ammonium sulphide 

to a Coplin jar of distilled water), 

(e) washed in tap water, 

{/ ) dehj'drated rapidly tlirough the alcohols, 

(ff) cleared in xylol, 

(b) mounted in neutral Canada balsam. 


Tlie individual stages outlined above comply with the recommendations 
made by Danielli (1946) in liis critical renew of Gomori’s method except for 
the employment of vacuum embedding. This procedure causes a slight loss 
of enzyme which, howe%'er, is uniform throughout the section. 

(3) In addition the following procedures were carried out for each 
specimen : — 

(а) As a control to the foregoing technique, the presence of pre-formed 

phosphate was excluded by the use of a substrate firom which the 
phosphoric ester had been omitted. 

(б) A duplicate set of Gomori-treated sections was counterstained with 

toluidme blue to show up mast cells which had not been stained 
bj' the Gomori reagents. 

(c) A section of each tissue was stained with hcematosylin and eosin 
for the verification of topographical detail. 


Resxjlts 

1. AllMline phosphatase in mast cell gramiles 

In the tissues of the mouse and rat, alkahne phosphatase was 
consistently demonstrated in a proportion of the mast cells and 
appeared to have the same form and distribution in the cytoplasm as 
the normal metachromatic granules of those cells (fig. 1). The 
phosphatase-containing mast cells were situated mainly near capillaries, 
hut even m these areas there were many mast cells which lacked the 
enzyme either wholly or in part. In contrast to the fully positive 
cells, which were often so crowded with stained granules as to appear 
almost uniformly black, others contained only a few granules ranging 
m CO our from pale to dark brown. The simultaneous presence in 
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ae mast cell of metachromatic material as weU as alkaline phosphatase 
by superimposing toluidine blue on Gomori-treated 
1 1 This modification of technique showed that a single 
nf wii ^ contain in its cytoplasm a variety of granules some 

wfiich gave a strong metachromatic tint with toluidine blue while 
others stained black when treated by the Gomori method. Granules 

fnrfliA ^be Gomori reagents proved capable of 

Txraa ^ 1 ’ ^ Dictachromatic tint when the counter-stain 

app e , ut such metachromatic staining was never observed 
wiich the Gomori reaction had initially been intense, 
a tram gave such clear-cut results that it was employed 

mnat ^u ^ pbosphatase activity in species in which 

• Gfomori-treated sections were re-examined 

rlitsm-or. ^ ^ ^ counterstauiing with toluidine blue so that any 

nnniri ™ e numbers of mast cells revealed by the two methods 
nf Tvra a decision reached as to the number 

tbic tiaty 7 ^^^ stained by Gomori’s method. Even with 

of a lira some doubt remained concerning the presence 

in the mast cells of the skin of the dog and 
cell f '''"as considered to be absent from the mast- 

man <?tnPo ° ^ remaining species examined. This included 

niffmentncsa ii ^ numerous mast cells in a case of urticaria 

pigmentosa were afi negative to Gomori’s test. 

2. Free cliromotrope substance 

from^Vilpf “®^®Ii70inaticaUy-staining raateriaj, ranging in colour 
SlZv O ’/T ‘he eeotlone exaLied and 

STn h^’^oni!!'™ y-M h> P'og”**- 

the enidennie he loose connective tissue immediately beneath 

sfmnwZ n impossible, however, to demonstrate the 

Z nosSurefe t°“ i phosphatase in these areas, with 

trout Zd Z P . ““h, the intestinal wall of the 

was suspected ° mouse papillomas. Even in these areas it 

Thus in\e highly vas^cXr Sf fortuitous, 
of mouqp ncrfu ^ tissue of the cock’s comb and the stroma 

W bel d?. phosphatase could equally well 

these t ^^^oular endothelium which in 

Kesele (^nng> 19^4; Biesele and 

mingW of FC artefacts could conceivably account for the 

of the tronf pbosphatase in the intestinal waU 

the mast rp/ls a ^ mucosal cells are rich in the enzyme and 

the mast ceUs are excessively fragile, readily parting with th^r meta- 

ch orTdf f aldition of mereurie 

tbp tli m ^be fixation of the granules 

to the use of Gontri's meZd. ““ ™‘ 
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Platk LIX 


CVTOCItKMIPTKV or MAST CKIA.S 



pXQ, 1. Section of mouse skin stnined by Gomori’s metliod for nikniine phosphatase. 

Most cells (a) showing n strongly positive renction nrc seen in the vicinity of hair 
follicles and a capillarj- vessel (6). In contrast, another most cell (c) contains 
only a few positive granules. Disj)ersed extracellular granviles (cl) also contain the 
enzyme. X 400. 



Fig. 2. — ^The same section counterstained with toluidine blue. The mast cell (c) 
is now seen to be crowded with additional granules. In yellow light these appear 
dark crimson (metacliromasia), although the monochrome photograph does not 
distingmsh them from the dark blue nuclei or the structures alreadv stained black 
by Goraori’s method. X 400. 
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3. MaM ccllfi 

The opportunity wns taken of confirming the results of previous 
workers concerning the relative number and distribution of mast 
colls in the loose connective tissues of the siiocics examined. Particular 
attention was paid to the observation of Cramer and Simpson that 
an increased number of mast cells is to be found in the skin of mice 
which have been painted with a carcinogenic hydrocarbon. In such 
material the subcutaneous tissues may be packed with mast cells, 
but as Cramer and Simpson observe, unless a mctachromatic stain 
is used, the mast cells may be entirely overlooked. 


Discussion' 

In recent j'cars the enzymatic activity of mast cells has aroused 
considerable interest and has been the subject of a number of investiga- 
tions (Noback and Montagna, 1946 ; "Wislocki and Dempsey, 1946 ; 
Paff, [Montagna and Bloom, 1947 ; Pritchard, 1947 ; Montagna and 
Xoback, 194S). As a result of these and the present investigation, 
it is evident that the granules of at least some of the mast cells of 
mouse, rat, dog and man contain alkaline phosphatase, but it is 
equallj* clear that the presence of the enzj-me is by no means a constant 
property of mast cells, even in these particular species. It is therefore 
unlikely that the mast cells in the rat contribute significantly to the 
intense" alkaline phosphatase actiA-ity wliich accompanies the terminal 
statues of wound repair in this animal (Fell and Danielli). Moreover 
the general failure to find the enzjme in association with free chromo- 
trope substance renders unprobable the concept which it was desired 
to test in the present investigation, that the mast cells plaj- a dual 
role in the regulation of cellular proliferation bj’- secreting into the 
tissues one factor for growth (F.C.S.) and another for differentiation 
(alkaline phosphatase). 

An alternative explanation may however he considered for the 
capricious occurrence of alkaline phosphatase in mast cells lying 
near capUlaries. If it is true that histogenous mast cells develop 
principally from precursors in the neighbourhood of the smaller 
blood-vessels (Baumer, 1896 ; Heller, 1904 ; Holmgren, 1946-47), 
then the phosphatase-containing mast cells which we observed in this 
situation may have been immature forms. and the enzyme may be 
concerned with the maturation of the cell rather than with its ultimate 
functional activity. The suggestion is therefore made that the alkaline 
phosphatase in mast cells is primarily concerned with the elaboration 
of the characteristic metachromatic substance of the mast ceU granules 
a view which is in harmony with the known ability of alkaline phos- 
phatase to participate in the synthesis of various other endoplasmic 
inclusions (Bo Jan and MeUors, 1945 ; Dempsey and Wislocki, 1945 - 
Bradfield, 1946 ; Jeener, 1947), ’ 
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Sotdhaey 

1. Mast cells in tissue sections from man, mouse, rat, cat, dog, 
horse, rabbit, guinea-pig, mole, fowl, frog, axolotl and brown trout 
were examined for the presence of alkaUne phosphatase by means 
of the Gomori technique. 

2. Only in the mouse and rat was satisfactory evidence obtained 
for the presence of alkaline phosphatase in mast cells, and even in 
these two species only a proportion of mast ceUs contained granules 
in their cytoplasm which stained positively for the enzyme. These 
ceUs were found chiefly near capillaries. 

3. With minor exceptions, for which the evidence was equivocal, 
“ free chromotrope substance ” (F.C.S.), which is believed to be 
derived from the granules of mast ceUs, failed to stain for alkaline 
phosphatase. 

4. The above data do not support the view which the investigation 
was designed to test, that the mast ceUs are concerned in the regidation 
of reparative growth by the hberation into the tissues of factors for 
the promotion of gro-wth (P.O.S.) and tissue diSerentiation (alkaline 
phosphatase). 

5. If the view is correct that histogenous mast ceUs arise from 
precursors in the neighourhood of capUlaries, the phosphatase- 
containing mast ceUs found in this situation in the mouse and rat 
may be immature ceUs and the enzyme contained in their granules 
may be concerned with the actual formation of the metachromatic 
material by which mast cells are generaUy recognised. 

Our thanks are due to Professor Sir James Learmonth and Professor A. 
Murray Brennan for their interest in this investigation. The photomicrographs 
were taken by Mr T. C. Dodds of the Department of Pathology. 
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6 l 6 . S 31 . 9 — 002 . 4 — 018 . 9 : 615 . 778 (Streptomycin) 

CHANGES IN THE jSIENINGEAL VESSELS IN ACUTE 
AND CHRONIC (STREPTOMYCIN - TREATED) 
TUBERCULOUS iMENINGITIS 

I, Do^nACii 

From rtc Dcparimait of Pathology, The Postgraduate 
Medical School of London 

(Plates LX-LXHI) 

IxTEEEST in the pathologj* of tuberculous meningitis has recently 
been stimulated bj’’ the introduction of streptomycin therapy. Apart 
from trying to find the causes for failure of treatment and investigating 
effects of the drug, the pathologist now has the chance to study 
chrome, healing and healed lesions in the meninges following the 
prolongation of life by streptomycin treatment. This paper deals 
with a histological study of the meningeal vessels in 20 treated and 
26 untreated cases of tuberculous meningitis. 

In trying to assess any changes in treated cases, it was found 
essential for comparison to go back to material from rmtreated cases. 
Arteritis is a prominent feature of the acute meningeal lesion and was 
first recorded nearly 70 years ago by Baumgarten (1881). Since 
then there has appeared a comparatively small literature on the 
subject. This was partly reviewed recently by Winkelman and 
Moore (1940), who added an excellent study of 5 new cases. Opinion 
has altered from Hektoen’s (1896) view that the arteritis resulted 
from tuberculous infection from within the vessels. Nowadays most 
pathologists are in agreement with Rich and McCordoek (1933) that 
the arteries are affected chiefly from without in their passage through 
the subarachnoid exudate. 

I, UNTREATED CASES 

The findings in 26 fatal cases of acute tuberculous meningitis 
occurring in Hammersmith Hospital before the introduction of 
streptomycin treatment are given below. Only vessels traversing 
exudate were found to be altered, t’.e. the basal vessels and their 
proximal branches. Arteries traversing sulci of the vertex where 
there was no exudate were unaffected. The grosser the exudate, 
the more profomd was the arteritis, which was thus particularly 
marked in sections of the interpeduncular fossa, Sylvian fissures 

3 . PATH. BACT.— TOl. LSI 253 



254 


I. DONIACH 


traversing exudate showed an intense 

nia araoL A “^borderland zones between normal and infected 
pia-arachnoid, phlebitis preceded arteritis. 

awetw'IJf “ “*■"=‘"1 “rteries (flg. 1) was a gross 

larffpst^ H coat of vessels of all sizes except the very 

to proliferation within the adventitia of 
l™i;S ! ^P'todroid cells (figs. 2-4), To a lesser extent, 
were mononuclear phagocytes of the surrounding exudate 

earlip«i- 1^’ ^ "'^een peripheral adventitial coUagen fibres. The 

thf of minimal exudate was an oedema of 

chpriCTP were seen of classical tuberculous 

onsis mg o radially arranged epithelioid cells and Langhans’ 

SveX fbe cytology of the 

A fbe exudate. Add-fast bacilli 

roHfr^Sn “ the proliferated adventitial coat. The 

veqqli iv„4. ^ involve the whole circumference of the 

distribution rect y in quantity as weU as quality with the 

comnlete oaq esurroimding exudate (fig. 2). At times it suffered a 
complete caseous necrosis. 

bv undprl^°^ the intima/ varied from slight lifting of the endothelium 
^th Ti “^^bed HftmJ by an infiltration 

anneaS^2^%T'^ mononuclears (fig. 5), producing a beaded 
arteries wero op^^ • ^ ^u^^ power of the microscope. The smallest 
of the intinn ^ occluded by cellular infiltration 

fiLSl oW . "ivf > "" seen of the 

either focallv m by Askanazy (1910). Fibrin was deposited 

en^hew'^aiff V. ^ T (%’ between the Lmal 

Sch waraiop- . . This lesion, 

seen in a ^ with a meningeal exudate rich in fibrin, was 

recognisable intf'" v “‘®brngitis was most fulminating. No 

by Sois “»"• toey have been ilcorded 

wL and Moore). No aeid-fast bacilli 

weie seen m the intima. In 8 of tho oc • , i 

were fonnrl /vf fiia 11 1 . “ cases occasional examples 

— ^aiurSei.-;x:sro^^^ r 

rntStScS^nlSTas'tS: “I 

caseous focus (fig^ 8). In other n m relation to an adventitial 

the whole in+imni p’ r cases it was concentric, involving 

une wnoie intimal circumference ffi? Ql t+ ,v + i.- x. i 4. 

whether this type of lesion miJhf®’ V’ temptmg to speculate 

:rght“ "F *«~itryg"rsiS“ :Lt 

M into the Xr ® “™ “«»■» endarteritis mostly 

«cenMo„n Tb™ ® ‘“"S" of illness, there am 

exertions Thus one chdd only 2 years old who had b^ ill for 

sbr^d T ‘•I'* 'leen id for 2 weeks both 

showed examples of fibrous endarteritis 

The media was mostly unaffected.' In some cases it showed a 
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fibrinoid necrosis associated with intinial fibrin deposition. In 
occasional vessels traversing a large caseous focus the media was 
involved in the generalised massive necrosis affecting the other coats 
and the lumen. This tj'pe of lesion and advanced intimal cellular 
infiltration of smallest arteries vere the two causes found of complete 
vascular obstruction. Completelj- occlusive simple thrombosis of 
arteries was not seen. 



Fig. 10 — Incidence of fibrous endarteritis in 26 untreated cases in relation to age 

and weeks of illness. 


The commonest lesion of the veins traversing tuberculous exudate 
was thickening of their thin walls by widespread infiltration with 
Ij-mphocytes and to a lesser degree by proliferation of epithelioid 
cells (fig. 6). Some veins showed focal adventitial tubercles onlv. A 
few shoved a “ beaded ” intimal cellular infiltration as seen in the 
arteries. Thrombosis was not seen, though occlusion by caseous 

necrosis occurred, as in the arteries, in veins traversing ma'^rive 
caseous foci. ° 
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Comment on ^intreated cases 

The above findings confirm the generally held impression that 
most of the changes in the arteries and veins result from the tuberculous 
inflammation surrounding them. Not aU the changes are specifically 
tuberculous. Similar intimal fibrin deposits were seen by Caims and 
Russell (1946) in acute pneumococcal meningitis and the same authors 
described fibrocellular endarteritis in 2 cases of treated pneumococcal 
meningitis surviving for 7 or 8 weeks. Varying degrees of intimal 
fibrin deposition and medial fibrinoid necrosis can be seen in the 
small arteries of the meso-appendix in cases of suppurative appendicitis. 
Intimal fibrous endarteritis of vessels traversing the base of a chronic 
peptic ulcer is commonplace. Similar lesions are seen in visceral 
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Fig. 11. — Incidence of fibrous endarteritis in 9 streptomycin- treated and 9 untreated 
cases under 7 years of ago in relation to age and. weeks of illness. 

arteries in nephritis, in hypertension and in polyarteritis. It would 
seem, therefore, that these changes are merely a common expression 
of the reaction of arteries to a variety of stimuli — bacterial, toxic, 
hypertensive or allergic, separately or in varying combination. 

II. Treated cases 

Of 42 cases of tuberculous meningitis treated with streptomycin 
at Hammersmith Hospital by Dr D. MacCarthy and Dr T. P. Mann 
during 2 years from January 1947, post-mortems were obtained in 
20 of the 25 cases who had died by Deeember 1948. Of these 20 
(aU under 7 years of age) 9 had died within 4 weeks, some of whom 
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had received only very few doses of the drug. The rest liad sundved 
for periods ranging from 10 to 5-t weeks. 

The 9 cases dying within 4 weeks of the onset of symptoms showed 
no qualitative differences in their meningeal vessels from the untreated 
cases. Intimal fibrin deposits were seen less frequen^— in 3 out of 
9 cases as compared wth 20 out of 26 untreated controls. Examples 
of fibrous endarteritis were seen in G of these 9 cases. Among the 
untreated controls there were, by chance, 9 cases under 7 years of 



Fig. 12. — ^Incidence of marted and moderate endarteritis in 20 streptomjem treated 
cases in relation to age and weeks of illness. 

age with a history of less than 4 weeks’ illness : only one of these 
showed endarteritis. The findings in these two groups are compared 
in fig. 11. The meningeal vessels of all cases surviving 10 weeks or 
more showed striking changes (fig. 12). These only affected vessels 
traversing exudate, which by now was somewhat fibrous. The 
adventitia was replaced by a thick ring of hyalinised coUagen (fig. 13), 
the media of most vessels appeared normal, the intima of most vessels 
was grossly thickened by fibrous tissue, usually lunate (figs. 13 and 14), 
sometimes concentric (fig. 15). There was a resulting gross reduction 
o the lumen of arteries of all sizes. In cases which had survived 
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16 weeks or more, the fibrous endarteritis differed from that seen 
in untreated and short-lived treated cases in the frequent additional 
development of new elastic fibrils (fig. 16). These often formed a 
new extra internal elastic lamina just under the intimal endothelium 
( gs. 13, 14 and 16-18), recalling the similar picture seen in syphilitic 
meiungeal arteritis. These changes were seen in both vessels traversing 
comp etely fibrosed healed ” exudate (figs. 13 and 14) and in vessels 
traversmg stagnant cellular fibrino-caseous exudate (fig. 15). They 
were a so seen in a boy aged 1|- years who was given only 1 months’ 
s reptomycin treatment but who survived a further 5 months without 
any treatment. A girl aged 6J years who survived 1 year showed 
a eromatous collections of lipoid-laden phagocytes deep in the 
mar e y thickened fibrous intima of one vertebral artery lying over 
e meduUa (fig. ig). Patients dying of a relapse — a ffesh attack of 
niemngitis— showed a double lesion. Scarred vessels as described 
a ove were unchanged (fig. 17), presumably because their hyalinised 
adventitia was unable to respond by cellular proliferation and at 
the same time formed a protective barrier to the intima. Unscarred 
yesse s traversing fresh exudate showed an adventitial arteritis 
m s mguishable from that seen in untreated cases. Intimal fibrin 
deposits were not seen. 

_ Though occasional examples were found of fibrosed veins (fig. 18) 
^ ong'Suryiving cases, the majority showed either normal or 
ac ive y in ame veins. In relapse, active phlebitis was prominent. 


Comment on treated cases 

^dence was found to suggest that streptomycin had any 

explicable by the 

^ TV The adventitial reticulin-forming epithelioid-cell 

eventually replaced by h 5 ^afinised collagen, the intimal 
rlPTr^l ^ issue, and from 16 weeks onwards elastic fibrils 

^ere seen to a certain 
m un rea e cases and would almost certainly be found in 
e rare casM o spontaneously long-surviving chronic tuberculous 

of a few slides of cerebral and cerebellar 
wi’+i. but no elastosis of local vessels. 

, ^ ® esion, the intimal changes are by no means specific 

a d are seen m a variety of conditions affecting the vessels of the 
bram and viscera, mcluding syphiUtic arteritis, chronic non-specific 
^ammations, senffe involution, hypertension and, as recently 
emons ra e y Harrison (1948), organisation of intra-arterial 
rom. 1 . o in acute and chronic tuberculous meningitis, the 
occlusive mtimal changes may give rise to widespread ischemic 
lesions of the bram and spmal cord (Smith and Daniel, 1947 ; Smith, 
VoUum and Caims, 1948). 
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SUJIJIARY 

The histological changes in the meningeal vessels of 20 cases of 
tuherculous meningitis treated wth streptomycin -were compared 
v-ith those in 26 untreated cases. The prolongation of life as a result 
of streptomycin therapy resulted in an increase of fibrous endarteritis. 
There was additional intimal elastic-fibre formation in cases surviving 
more than four months. 

I am grateful to Dr D. MacCarthy and Dr T. P. Mann for their kind co- 
operation, to Mr E. V. Wilmott for the photomicrographs, and to ^Ir .T. R. 
Baker and Mr J. G. Griffin for preparing the sections. 
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B. 1. — Female need 1} years; 14 days illness. 
Inflammatorj- swelling of adventitia of pial 
arteries traversing fibrino-easeous exudate in 
pia-araclmoid over base of brain. Ha?mnlum 
and eosin. X 28. 




Fig. 2. — Female aged l.'J years; 3 weeks illnes®. 
Mononuelear-cell proliferation involving 
three-quarters of the circumference of the 
adventitial coat of an arterj- traversing 
focally caseating exudate overlying cere- 
bellum; early focal oedema and IjTuphocj'te 
infiltration of intima. H. and E. X 112. 
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Fk;. 7. — Female aged 16 years ; 21 weeks 
illness. Concentric subendothelial ' intimal 
fibrin deposition, outside wliicli runs the 
stretched fine unstained internal elastic 
lamina of an arteriole traversing fibrino- 
eellular exudate in the Sylvian fissure. 
Mallory s phosphotimgstic-acid hiematoxviin. 
X 220. 


Fig. S. — Female aged 16 years ; 2 weeks illness. 
Focal subendothelial intimal fibrocellular 
proliferation, lunate in shape, lying beneath 
focal adventitial caseation of an artery travers- 
ing the Syh-ian fissure. H. and E. X 60. 
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Platk LXII 


Mr.viNorvL vi-sssiua! iv Trtii;ncri.<)'’‘’ jikmsoiti'! 



Fig 9. — ^Malo aged 2 years ; 2 rveeks illne«s. 
Concentric obliterative intimal subendothelial 
fibrocellular hj-perplasia (endarteritis fibrosa) 
of an arterj- tra\ ersing fibrino -caseous exudate 
over midbrain ; oedema and cellular infiltra- 
tion of intuna of neighbouring vessels. H. and 
E. X 60. 



van Gieson. x 48. 



Fic. 13. — Alaleaged 2 years; 6 months illne«s 
(streptomycin-treated). Hyalinised colla- 
genous exudate in interpeduncular fossa 
traversed by arteries shomng a thickened 
hyalmised adventitia and limate oblitcratmg 
fibro-elastic mtimal endarteritis. Verhoef 
and van Gieson. x 48. 



15. — ^llale aged 44 years ; 4 months 
illness (streptomycm-treated). Fibrous, 
poorly cellular thickenmg of adventitia, 
healthy media and obliterative fibrosis of 
intima of an artery traversing stagnant 
caseating cellular exudate over base of bram. 
H. and E. x 9-5. 
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Fig. 16. — Same vessel as m fig. 13, sliowang 
newly formed intimal elastic fibrils. Weigert’s 
elastic stam and neutral red. x 200. 
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Fig. 17.— Female aged 61 years; 1 years illness 
(streptomycin-treated) ; relapsed meningitis. 
Fibrocellular exudate m interpeduncular fossa 
traversed by arteries showing fibro-elastic and 
fibrous endarteritis, broken elastic lamina? 
and a scarred acellular adventitia. Weigert’s 
elastic stain and neutral red. x 22. 
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SHORT ARTICLES 


6i6 . 831 . 8 — 007 . 24 

A. CASE OF THE ARNOLD-CHIARI ^LALFOB^LATION 
OF THE HIXD BRAIN 


Rol./VN'd Rodda 

Department of Pathology, Postgraduate Medical ScJiool of London 
(Plates LXIA’ and LXV) 


Tlie Amold-Cliiari malformation is a congenital anomaly in which a tongue 
of cerebello-meduUarj- tissue is displaced into the cem'cal vertebral canal 
where it lies dorsal to the spinal cord. Only about ISO cases are reported in 
the literature, where it has come into prominence ns a result of the therapeutic 
efforts of the neurosurgeon. The degree of deformity is very variable but the 
following case shows the tj-pical features of the more severe type of lesion 
associated with spina bifida and meningo-myelocele and resulting congenital 
hydrocephalus. 

In these cases routine autopsj" methods in which the brain and cord are 
removed separately are unsatisfactory because of the ine'vitable resulting 
damage to the deformed medullarj* region. It is ad\'isab]e to conduct the 
examination of the central ner\'ous sj-stem and its supporting structures as 
follows. Partial fixation of the brain in situ is first obtained by perfusion of 
both carotids with formalin. . The skull is then opened and after division of 
the cerebral peduncles both hemispheres are removed together. Finally the 
intact tentorium cerebelli with the whole of the posterior cranial fossa and 
the whole of the vertebral column with all their contents are removed in one 
piece and their fixation completed in formalin. Dissection, radiography and 
histologj’ of the specimen can then be undertaken. 


Case hepoht 
Clinical history 

C. J. C., a female infant, was bora at term on 23rd June 1948. The mother, 
a primi-gravida aged 24, had hyperemesis but no other illness during pregnancy. 
Labour was normal except that episiotomy was done because of the large size 
of the head. The infant weighed 2800 g. There was extreme moulding with 
no caput but with widening of the sutures on the upper aspect of the skull. 
The head measured 34 cm. in circmnference. There was a large intact bulging 
meningo-myelocele in the doxso-lumbar region overlying a spina bifida. This 
sloughed in its central part within a few daj-s of birth. Pariysis of the lower 
limbs and marked sacral and lumbar mdema were noted within two weeks. As 
the hydrocephalus increased the general condition of the infant gradually 
deteriorated. During the last three weeks of fife there was pyrexia to the 
extent of 100-8° F. The infant died on 19th August 1948, aged eight weeks. 


Post-mortem examination {no. 4457) 

The body, examined 19 hours after death, was that of a voung female infant 
cm. m length and weighing 3750 g. There was a severe degree of hydro- 
cephalus and the head measured 45 cm. in circumference. There was a large 
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dorso-lmnbar spina bifida with a collapsed meningo-inyelocele which was 
rhomboid in shape and measiu’ed 5 cm. in length and 3 cm. in width, t appeare 
completely epithelialised except for an area near the centre 0-6 cm. m diameter 
which was covered with a dry crust. Bemoval of the crust revealed a fistulous 
opening into the meningo -myelocele. Gross and microscopica-l stu les o 
cardiovascular, respiratory, alimentary, genito -urinary, endocrme an re ic 
endothelial systems showed no significant abnormalities. 

The vault of the skull showed severe cranio-laounia, with numerous pap 
thin areas separated by bony ridges. The suture lines were separated ana 
both fontanelles were widely open. The base of the slcull showed no a norma 
but the tentorium cerebelli seen from above was depressed and concaw. 

The vertebral column, 22 cm. long, showed an obvious lordosis and 
right convex scoliosis in the mid-dorsal region. There was also severe ° 
lumbar kyphosis corresponding to the spina bifida. The cervica ve 
were normal. Thoracic vertebrae 6-8 showed partial fusion of -^oUv' 

with a wedge deformity at the bulge of the mid-dorsal scoliosis. Ra lo ogic , 
11 ribs were seen on the right side but of the ten present on the le , 

7 were fused at their origins and arose from the 6th, 7th md 8th yer e • 
The twelve thoracic and five lumbar vertebrae could be identified bu ^ e > 
11th, 12th thoracic and all the lumbar vertebrae had unimited , 

the result was a dorso-lumbar spina bifida. The five sacral and the . 

vertebrae were normal. Within the vertebral canal in the region of the sco i 
just above the spina bifida the dura was very tliiek and firmly boun o 
fused vertebral bodies. Fibrous prolongations filled the pits of the bone 
which appeared rough when the membranes were torn away. In the oa 
part of the meningo-myelocele the greater part of the spinal cord was seen 
be displaced dorsally and to the left. The reason was found in the v 

a rod of bone 2 mm. in diameter which ran obliquely caudal and to the rig 
from the body of the 4th lumbar vertebra in the mid-line dorsaUy across 
vertebral canal to join the lamina of the first sacral vertebra. As it travers 
the vertebral canal it was invested by a meningeal sleeve. 

The cerebral hemispheres showed extreme hydrocephalus (fig. !)■ " ^ 

coronal section after fixation measured 11-5 cm. from side to side and c • 
from above to the inferior aspect of the temporal lobes. The lateral 
were extremely dilated, measiuing up to 6 cm. in transverse diameter, 
foramina of Monro were approximately 2 cm. in diameter. The third 
lying above the tentorial notch, was dilated, but the aqueduct of Sylvius 
and below it was not. There was no obstruction within the iter. The cere r 
convolutions were so flattened that it was difficult to observe if there was any 
microgyria. One or two small areas of hiemorrhage measuring up to 0-3 cm. 
in diameter were obvious in the leptomeninges of the hemispheres bu 
macrosoopical exudate was seen here. ' , ' i 

Cerebellum, pons and medulla showed the characteristic Amold-Cmar 
malformation. These structures were deformed and had been forced cauda y 
from their normal position. The cerebelhun itself failed to show well-develope 
anatomical features, although vermis and hemispheres were crudely indica e 
From the tonsillar region a flattened tongue of cerebellar tissue rneasurmg 
1-7 cm. wide and 6 cm. long extended through the foramen magnum into 
dorsal part of the cervical spinal canal to the level of the 7th cervical verte ra 
(fig. 2). This tongue of tissue showed at its cephalic end a dorsal semi-cucum 
ferential ridge where the foramen magnum was larger than the cervical por ion 
of the vertebral canal. Ventral to this tongue, a smaller tongue of medul ary 
tissue projected downwards for 5 cm. and between the two lay the elonga e 
and broadened fotuth ventricle. The caudal end of the medullary 
showed a tiny opening which was the beginning of the central canal o e 
spinal cord. On each side of the cerebellar tongue the choroid plexus ot 
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fourth ventricle extended dorsally in two Intcml portions which mot in the 
mid-line just cephalic to the tip of the tongue. The floor of the fourth ventnelo 
showed a prominent median groove but the t>-pical features of the caudal half 
of the rhomboid fossa could not bo identified with certainty. The cephalic 
part of the floor of the fourth ventricle was distorted by the cerebellar ton^e. 
The ventral aspect of the medulla similarly was lacking in well-marked anatomical 
feaUu-es. Tlie pons was elongated, measuring 1-8 cm. from cephalic to caudal 
margins. The anterior ventral surface was relatively flattened. The corpora 
quadrigemina were represented by a simple conical tcctal mass. 

The cranial nerves were greatlj’ clonged (fig. 3) and ran cephalad from their 
oricin to their foramina in the skull. These distances measured 2-1 cm. for the 
fifth nerve, 3T cm. for the sixth nerve, 2-2 cm. for the facial ner\-e and 1-8 cm. 
for the auditory nerve. 

At the upper end of the medullary tongue, on its ventral aspect, the cervical 
cord could be identified as an indiridual structure, 1-3 cm. broad at this point 
but only 0-1 cm. in thickne^ where it was compressed dorso-ventrally by pressure 
of the eerebello-medullarj- tongue. The tongue and the cetwical cord together 
completely filled the upper cervical vertebral canal. Caudal to the cerebello- 
meduUarj’ tongue the lower cervncal cord itself was rather enlarged, measuring 
1-1 cm. in width and 0-6 cm. in thickness. The spinal cord in the mid- and 
lower dorsal region was verj' small and thin, measuring only 0-4 cm. in diameter. 
The cord became wider and thicker in the meningo-myelocele and, more caudally, 
showed an apparent diplomyelia where the greater part of its substance was 
diverted to the left found the abnormal bony arch. The lower end of the cord 
reached the level of the fifth lumbar vertebra. Beyond this, the filum terminale 
measured only 3 cm. in length. There was no gross hydromyelia. 

The degree of cephalic direction of the spinal nerve roots was maximal in 
the upper cervical region, where it corresponded to that of the cranial nerves. 
As the lower dorsal region was approached tliis decreased and at the upper end 
of the meningo-myelocele the nerve roots appeared to run transversely. Further 
down the cord the nerve roots ran increasingly caudal, till their direction was 
normal in the much shortened cauda equina. 

The lepto-meninges were thickened in the region of the mid-brain. The 
tongue of brain tissue within the cervical spinal canal was closelj’’ invested in 
quite thick highly vascular and hsemorrhagic gelatinous leptomeninges which 
were adherent to the dura. Although slightly less vasetdar as the meningo- 
myelocele was approached, the adhesions and gelatinous exudate remained 
ob'vious. The meningeal wall of the meningo-myelocele was intimately connected 
with the nerves within it. A small amount of purulent material was seen in 
the region of the fistulous opening. 


Histology 

The investing leptomeninges of the hemispheres exhibit little change. In 
relation to the small areas of haemorrhage, however, there is an extensive 
mfiammatory-ceU reaction made up of large mononuclear phagocytes in which 
considerable amounts of iron-containing pigment are present. Extra-cellular 
deposits of non-iron-reacting pigment are also apparent in the brain substance 
just below the surface. The meninges are highly cellular in these areas and 
many large mononuclear phagocytes are present which, in appropriately stained 
frozen sections, are found to contain fat droplets. The hrain substance itself 
is much thinned, the thinning being nearly all in the white matter. The layers 
^nerve cells in the corte.x show little change but the fibres beneath are thinned, 
iiie ependyma, where ^^sible, appears normal, although it is not obvious in 
considerable portions of some of the sections. 

various portions of the meningo-myelocele show several interest- 
ing leatures. Epidermisation has occurred, the stratified squamous epitheUum 
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covering all except the fistulous opening. Beneath this epithelium there is a 
thin layer of fibrous tissue representing the meninges, which do not slww 
differentiation into pia-arachnoid and dura. No skin adnexa are seen here at 
hair follicles and hairs are present to the side of the lesion. The deeper part o 
the imdifferentiated meninx shows a number of nerves running throug i • 
Here the meninges are more cellular and contain numerous inflammatory ce , 
chiefly mononuclear, but many polymorphonuclears are also present, in(hca mg 
an acute if low-grade meningitis. There is a high degree of vascularity an 
areas of haemorrhage and broken-down blood pigment are obvious. ^ 
area the meningeal inflammatory process exhibits a well-marked foreign- o y 
reaction. A number of large multinucleated giant cells are seen, in many o 
which are doubly refracting bodies. A fragment of ossifying vertebra arc 
invested by a thin sheet of densely collagenous dura is present in the mi e 
of this network of meninges and nerves. The dma investing the osseous por ions 
of the vertebrae is thick and dense. The spinal cord shows considerable distor ion 
of its normal architecture, while the central canal appears double and is some 
•what dilated. 


Discussion 

Since Arnold in 1894 and Chiari in 1895 (quoted by Schwalbe and Gredig, 
1906) described the first cases, a variety of views have been put ° 

explain the features of the Amold-Chiari malformation. Penfield and Co urn 
(1938) believed that the malformation arose during groivth as the resul o 
caudal traction on the cerebellum, brain stem and nerve roots by acuiesions 
at the site of the spina bifida. This somewhat too ingenious explanation was 
supported by others (Ogryzlo, 1942 ; Ingraham and Scott, 1943), but recen y 
Russell (1949) has presented evidence to show that this view is unacoepta e. 
In the case here reported it is also difficult to visualise how traction on 6 
cord and its meninges from below could produce the large tongue-like struo 
which lies dorsal to the lower medulla and upper part of the cervical cord an 
, is made up of both a portion of cerebellar tissue and a fold of the upper pa 
of the medulla. Finthermore, the incomplete development of the pons, meu 
and cerebellum which this case also shows is suggestive rather of some aberration 
' of gro'wth. Undue support of the traction theory has perhaps resulted &om 
the failure of other ■writers (Adams et al., 1941 ; Steele, 1946-47) to stress 
maldevelopments, although McConnell and Parker (1938) noted mar^e 
asymmetry of the deformed cerebellum. 

The mechanism of production of the accompanying hydrocephalus a 
also been discussed recently by Russell {op. cit.), who reaffirms her previous 
belief (Russell and Donald, 1935) that the hydrocephalus is secondary to t e 
malformation itself and indeed is almost invariably present. The hydrocepha us 
results from the caudal displacement of the fourth ventricle foramina where y 
the cerebrospinal fluid passes directly in|to the spinal subarachnoid space, whence 
it is prevented from reaching the cranial subarachnoid space because of 6 
plugging of the foramen magnum by the tongue of cerebellum and medu 
lying tightly jammed in the upper cervical spinal canal. Most of the absorption 
of cerebrospinal fluid by the arachnoid \dlli is prevented thereby and hydro- 
cephalus develops. In this case it should be noted that there was no dilatation 
of the ventricular system below the level of the tentorium cerebelli, althoug 
obstruction to the flow of cerebrospinal fluid had occurred mainly in the su 
arachnoid space at the foramen magnum. There may possibly have been some 
functional obstruction within the anatomically patent aqueduct, or obstruction 
may have resulted from the midbrain being tightly compressed into the tentoria 

notch. . 

The marked craniolacima (Liickenschadel) present in the skull m this c 
is sometimes considered to be the result of pressure of the cerebral convolutions 
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Pig. 2. — Brain stem and cord after removal from the base of the skull and vertebral 
column. In the photograph the cerebello-medullarj- tongue has been displaced 
dorsaUy m order to demonstrate the cavity of the fourth ventricle. X 1-5. 

Po-tenor cerebral artery 

Sixth nenc 

Piftb nerve 
Ba'^ilar artery 
Seventli nerve 
Eighth nerve 

Vertebral artery 

Fig. 3— A’entral dissection of the brain caudal to the cut cerebral peduncles showing 
the elongated and distorted pons lying between the posterior cerebral and vertebral 
arteries. A portion of the latter on the left side is hidden by the auditory nerve, 
which, like the other cranial nerves, runs obliquely m a cephalic dnection due 
to tlie caudal displacement of the brain stem. X 2. 
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duo to tlio hydrocephalus, hut Wyatt and Goldenbcrg (1948) beliovo this is 
unlil^ely, as the areas of thinning liavo no relation to eitlior the convolutions 
or tho centres of ossification. They consider that craniolncuna is a develop- 
mental defect of ossification in membrane and is not alwoys associated with 
hvdrocephalus. 

It may bo that the origin of the Amold-Chiari malformation lies in the 
partial failure of development of some of the ventral parts of the hind- and 
midbrain. As Schwalbe and Gredig (1906) believed, it vmdoubtedly commences 
earlv in the dev^eloping embrj’o and moreover the frequent association with 
various other developmental anomalies is evidence pointing to an initial develop- 
mental defect intimately concerned in the formation and growth of the nervous 
s\-stem and its supporting structures. 

Suintuiv 

A case is described of the Amold-Cliiari malformation in an infant showing 
meningomyelocele, spina bifida with other bony abnormalities and severe 
hydrocephalus. The mechanism of production of the latter is discussed. 
Emphasis is placed on the presence of both cerebellar and medullarj' components 
in the tongue of brain tissue in the cervical vertebral canal as evidence in 
support of the view that the malformation is not due to caudal traction by 
meningeal adliesions. Rather it is assumed that there is a primary developmental 
defect affecting the ventral aspects of the hindbrain. 

My thanks are due to Professor J. H. Bible and his staff for many helpful 
suggestions, to Dr D. McCarthy for clinical details, to Mr J. G. Griffin for 
technical assistance and to Mr E. V. Willmott for the photographs. I am 
indebted to Jlr Murray Falconer, lecturer in neurosurgery, Otago Medical 
School, Xew Zealand, for stimulating mj- initial interest in this subject. 
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ADRENAL CORTICAL CARCINOMA WITH METASTASES 
IN AN OVARIECTOmSED STRONG A MOUSE 

J. F 1 .AICS * 

From the Department of Experimental Pathology and 
Cancer Research, XJniversity of Leeds 

(Plates LX\H and LXVII) 

Spontaneous adrenal cortical carcinomata are very rare in mice. Slye ct al. 
(1921) reported only 4 tumours of adrenal origin in 33,000 mice. A spontaneous 
adrenal cortical tumour approximately 4 mm. in diameter has also been reported 
in a strain C female mouse aged 24 months by Dalton ct al. (1943-44). Although 
the primary tumour did not give rise to metastases, it was successfully trans- 
planted in the same strain of mice. Recently, spontaneous malignant cortical 
tumours have been found in 2 males of the Miimesota line of the NH strain at 
16 and 24 months respectively by Kirschbaum et al. (1946). These tumours 
were about one-third the size of the kidney and did not produce metastases. 
Females of the same strain a year or more old developed adrenal adenomata, 
the glands attaining 2-4 times the normal size. 

Tumours of the adrenal cortex in ovarieotomised mice of the NH strain 
have been observed by Gardner (1941). Of 15 mice ovarieotomised at 43-65 daj's, 
13 showed tumours of the adrenals without metastases between approximately 
600 and 700 days of age. These tumours were mainly of microscopic size, but 
in some mice they were almost two-thirds the size of the kidney. That oestrogen 
was present in the ovarieotomised mice was shown by the condition of the 
uterus and mammary glands. 

Woolley et al. (1943) observed a high percentage of adrenal cortical tumours 
in ovarieotomised or castrated mice of the JAX ce strain. In a series of papers 
Woolley and Little (1945a-d, 1946) gave a detailed account of the changes 
preceding and accompanying the formation of adrenal cortical carcinomata. 
Development of the accessory sex organs in females and males following the 
appearance of adrenal tumours showed that oestrogenic and androgenic hormones 
may be produced in the adrenals or in the developing tumours. 

A single macroscopic lung metastasis was observed in a tumour-bearing 
mouse at 12 months by Woolley and Little (1945a), and Fekete and Little (1945) 
found only 8 microscopic metastases in the lungs of 43 ovarieotomised ce mice 
between 12 and 22 months of age. No grossly visible metastases were found 
in other mice bearing adrenal cortical tumours in these series. 

The aetiology of adrenal cortical tumours is no doubt related to an endocrine 
imbalance. It seems possible that a pituitary hormone of adrenocorticotropic 
type may operate following the removal of the gonads, causing at first hyper- 
plasia, and finally adrenal cortical tumours. There is, however, no experimental 
proof for such an action of the pituitary hormone, as no increase of adreno- 
corticotropic hormone has so far been foimd in animals deprived of their gonads. 
It seemed, therefore, of considerable interest to inject an adrenocorticotropic 

♦ Bertram Parkinson Research Fellow. Dr Flaks died, after a brief illness, on 
16th May 1949, soon after this paper had been completed. 
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Flo. 1. — Liver meta- 
stasis showing the 
uniform nature of the 
tumour cells nhich 
are arranged in rows 
and cords and show 
numerous mitoses. 
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nective tissue septum. 
Hiematovylin and 
cosin. X o-iO. 


Fig. 2. — Left adrenal showing 
(lower left margin) de- 
generated cells of the zona 
fasciculata siurounding 
necrotic tumoiu: tissue. 
Below IS better preserved 
tiunour. H. and E. X 50. 
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pituitan- extract into normal and spayed mice of various strains in order to 
ascertain if this liofmono exhibits any influence on the formation of adrenal 

cortical tumours. , ■ , ^ ^ 

Amonsist a group of spayed mice of different strains wlucli received svliat 

vras* thought to be adequate doses of adrenocorticotropic hormone ♦ and 
developed adrenal cortical tumours, one Strong A female showed a highly 
malicnant metastasising tumour at 537 daj’s. This mouse was ovariectomised 
at 3 days, weaned at 3 weeks and treated over a period of 8i months. 

At autopsy, a tumour approximately 20x12x12 mm, was found in the 
left flank. The left kidney, which was embedded in the growth, contained 
numerous metastatic nodules and was displaced downwards. It could be easily 
enucleated from the main mass of the tumour, which covered its ventral surface 
like a sheet. Anterior to this a pj-ramid-like nodule 6x3x2 mm. was attached 
on a broad base to the tumour. This nodule was identified histologically as 
the left adrenal, from which the growth had en'dently arisen. 

Tlie richt kidney also contained numerous metastatic nodules. The right 
adrenal was found approximately in its normal position. It was somewliat 
enlarged, but not invaded macroscopically. 

The much enlarged liver contained numerous metastases. In addition, 
many small nodules were found in the pelvis, some of them adhering to the 
thread-like uterine horns. The growth had also extended into the left pleural 
cavity through the diaphragm, forming a nodule measuring 4x3xl'5 mm. 
in the upper part of the left pleural ca\-ity. There were no metastases in the 
lungs or elsewhere and no general involvement of the Ij-mphatic system. The 
spleen and thymus were tumour-free. 


Histology 

The structure of the tumour is seen to best advantage in the liver metastases 
fixed in Susa. 

1. The liver contains numerous nodules disseminated throughout its 
parenchj-ma. The tumour cells (fig. 1) are mainly polyhedral and often without 
distinct cell borders. A follicle-like arrangement can be seen, but the cells 
are equally arranged in rows or cords. The protoplasm is slightly basophilic 
and the nuclei show variability in size and shape. Each contains one distinct 
or several less distinct nucleoli. Jlitoses are abundant. Laidlaw’s stain reveals 
a fine reticulum encircling groups of cells or even single cells. 

2. The left adrenal (fig. 2) is recognised by the presence of a few degenerate 
foamy cells of the zona glomerulosa and zona fasciculata lying beneath its 
capsule and forming a rim to a nodule composed of almost completely degenerated 
tumour cells and containing a few scattered calcified foci. Deeper areas show 
cells with fairly well preserved nuclei and typical arrangement. At the base 
the nodule is connected with the main tumour surroimding the left kidney. 

3. The right adrenal (figs. 3 and 4) is free from malignant growth. There 
is, however, an extensive replacement of the cortex by the “ type A ” cells 
of Woolley and Little (1945a), which are regarded by them as non-neoplastic. 
These irregular cells, with round or fusiform nuclei and scanty protoplasm, ate 
found scattered over most of the cortical area. In some regions thev were 
^bcapsular iu position, with finger -like processes spreading from the periphery 
mto the zona glomerulosa (fig. 3). At one pole of the adrenal they occupy 
the whole area of the cortex as far as the medulla, ending abruptly in the 
boundary zone. 


sheen Factor” and an adrenocorticotropic preparation of 

SticMand department in collaboration with Dr L. H. 

Otickland according to the method of Li €t al. ( 1943 ), 



268 


J. FLAKS 


4. Tumour tissue which had invaded the kidneys and the outer muscle 
layer of the stomach shows the same histological structure as the liver secondaries. 


DisctrssiON 

Some difficulty was experienced in tracing the origin of this tumour, which 
was so widely disseminated throughout the abdomen. In strong support of 
an adrenal cortical origin was the fact that the left adrenal was almost com- 
pletely changed into a tumour nodule showing advanced necrosis. This suggested 
that it was most probably the first organ to be involved in the malignant process. 
It would seem that the initial cortical tumour broke through the capsule at 
the caudal pole of the adrenal, giving rise to the main mass of growth outside 
the adrenal and remaining attached to it at the time of death. The right 
adrenal, although not neoplastic, was heavily invaded by Woolley and Littles 
“ type A ” cells, indicating that a generally favourable state for the development 
of adrenal tumoius existed within the body. 

The structure and arrangement of the left adrenal tumour leave no doubt 
as to its cortical origin. IVhen compared with a localised adrenal cortical 
tumom’ (4x2 mm.) found in the right adrenal of a gonadectomised and hormone- 
treated stock female mouse at the age of 514 days (figs. 5 and 6), the present 
tumour differs in that it is more anaplastic, shows more numerous mitotic 
figures, and has less well developed connective tissue septa. 

The time of appearance of the tumour is well within the range of appearance 
of cortical tumours in gonadectomised mice of the JAX ce strain. It is, therefore, 
not possible to conclude that the injected hormone accelerated the development 
of this or other tumours which arose in our gonadectomised mice. But what 
seems to be unusual is the expansion and spreading capacity of the adrenal 
carcinoma here described. It is also interesting to note that malignant tumours 
may develop after gonadectomy, not only in the JAX ce and NH strains but 
also in Strong A and CBA strains and in mice of mixed stock, at advanced ages. 

There was no evidence of an oestrogenic stimulation as judged by the 
condition of the uterus, but it was rather surprising that one week before death 
a pure oestrous smear occiured, and became di-oestrous on the following day. 


SUMMAHY 

A case of a highly malignant metastasising carcinoma of the adrenal cortex 
in a gonadectomised Strong A female mouse treated with adrenocorticotropic 
hormone is described. Adrenal cortical tumours can easily be induced by 
gonadectomy in the JAX ce and NH strains of mice, but, so far as we are aware, 
no cortical tumour has been described in the Strong A strain, and in no strain 
one of such malignancy as to involve the liver, kidneys, outer muscle layer of 
the stomach and pleural cavity. 

The appearance of such a tumour in a spayed mouse treated with adreno- 
corticotropic hormone may however be coincidental. 
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Fig. 4. — Snme ns fig. 3. 
Higli-powcr view of 
the boundnrj- between 
the cortex and medulla 
showing “ t j'po A ” cells 
(below) invading the 
cortex. H. and E. 
X470. 


Fig. 5. — Both adrenals of an ovariectomised 
stock mouse at 514 days of age. Right 
adrenal (right) shows a localised adrenal 
cortical tumour. Left adrenal (left) shows 
less advanced changes. H. and E. x 9. 




Fig. 6. — Section of tumour 
of right adrenal shown 
in fig. 5. Tumour cells 
arranged in cords sur- 
roimded by connective 
tissue. Large, vesicular 
“ type B ” cells (top 
right) are intermingled 
with the main mass of 
tumour cells. H. and 
E. X 470. 
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THE ST.A,rN'ING OF TUBERCLE BACILLI AATTH 
SUDAN BLACK B 

H. L. Sheeham and F. AA-httavell 
Department 0 / Pathology, University of Liverpool 

(Pl-ate LXATH) 

In recent years a number of -workers have used “ broad ” techniques of 
bacteriological staining ivith Sudan black B, designed to demonstrate non- 
specificallj* all the tj-pes of fatty material which occur in a great variety of 
bacteria (Hartman, 1940 ; Burden, Stokes and Kimbrough, 1942 ; Burdon, 
1946). The present note deals with a different application of Sudan black — 
its use as a specific and non-fading stain for the demonstration of tubercle 
baciUi. This is based on the fact that these are the only organisms which, 
after staining, have been found to be quite resistant to decolourisation -with 
acetone. 


Alethod 

1. The sputum or other material is smeared not too thickly on a slide and 
is fixed, while still wet, with Camoy’s fluid for half a minute. Heat fixation 
after drying the smear is a satisfactor 3 ' kut tedious method. Most other fixatives 
of wet smears are also quite good if not allowed to act for too long. The sudano- 
plnl lipids can be remoi-ed by treatment with chloroform or carbon tetrachloride 
in about half-an-hom, -with xylol in about 3 hours and -with alcohol in about 
8 hours, but they are unaffected by treatment -with acetone for oi’er 24 hours. 
Antiformin concentration methods do not interfere with the staining. ParafiSn 
sections of tissues are always negath-e, as would be expected. 

2. The fixative is drained off, and the slide is half covered with a saturated 
solution of ^dan black B in 70 per cent, alcohol. The stain is lighted and 
allowed to hum out, and the slide is then swilled with water. The stain is 
made by adding 3 parts of water to 7 parts of a thoroughly saturated solution 
of OTdm black B in absolute alcohol and filtering the mixture. The diluted 
stain deteriorates slowly in the course of a few weeks. The stain is efficient 
over a pH range of ahwt 5 to 9, and with various strengths of alcohol between 
60 and 80 per cent. Other solvents such as dilutions of acetone, chloroform, 

satisfactory. Prolonged exposure of films 

bepartiaUy^c“one fer 
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3. The gross deposit of stain on both sides of the slide is washed off with 
acetone, using a drop bottle, and the smear is then differentiated by immersion 
in a jar of acetone for 2 minutes. Differentiation may be continued for 6 hours 
without affecting the staining of tubercle bacilli. Immersion for half an hour 
in acid alcohol, xylol or chloroform does not cause any appreciable loss of stain 
from these organisms. 

4. The smear is rinsed with water, and counterstained with 1 per cent, 
aqueous solution of pyronin for 10 to 60 seconds. It is then washed quickly 
with water and dried with blotting paper. 

The counterstain should only bo strong enough to allow easy focussing. 
Ziehl-Neelsen cannot be used as a superimposed stain as it removes the Sudan. 
Furthermore, if it is applied previously, it inhibits the Sudan staining. 

Results 

Hiunan tubercle bacilli from human lesions (figs. 4-6) are strongly stained 
black. Sometimes they stain evenly ; commonly they have a rather barred 
appearance, even when Ziehl-Neelsen staining shows no beading. AVlien 
beading is shown with Ziehl-Neelsen, it is quite different in appearance from 
the barring in the corresponding sudan-stained organisms. No differences can 
be recognised between organisms in sputum, urine, cerebrospinal fluid or serous 
effusions, or in smears made from the thick feltwork of bacilli which grow at the 
ulcerated surface of lesions such as the lining of tuberculous cavities in the lung. 

Human tubercle bacilli from guinea-pig lesions (figs. 1-3) show a considerable 
range of appearance, even in the same slide. Some stain heavily and evenly, 
but many show an accentuation of the barred appearance and a variable number 
have only a slight lipid content. This last type is seen as a thin grey-black 
outline due to staining of the surface membrane, with perhaps only a. single 
large black mass in the substance of the bacillus. 

Bovine tubercle bacilli from lesions in cattle or guinea-pigs have the same 
staining reaction as human tubercle bacilli in guinea-pigs. No examination 
has yet been made of organisms, identified as bovine, from human lesions. 

Human, bovine and avian tubercle bacilli in culture (on solid media such 
as Lowenstein-J ensen or Dorset, or in fluid media such as Dubos) are practically 
unstained by the present method, though they stain normally with Ziehl- 
Neelsen. They can be stained a feeble brown by prolonged exposure to the 
Sudan solution at 57° C. Some academic interest attaches to the obvious 
difference between the lipid content of the cultured organisms and that of the 
organisms in pathological lesions. 

The other acid-fast bacilli which have been examined (natural growths of 
Myco. smegmatis and Myco. leprae and cultures of Jlfyco. phlei) are not shown 
by this method. After the application of the Sudan stain they are only feeblj' 
coloured, and will not withstand more than a few seconds differentiation 
with acetone. 

A ^ variety of other organisms, including Actinomyces, Clostridia and the 
subtilis group have been examined by the method described. The only organisnK 
that have been found to stain are certain throat sarcinee, C. diplitherice mitis 
which shows in culture a few small black granules and G, diphtliericB graviSj 
which occasionally has a dark granule in the broad part of the club forms in 
culture. 

Commentary 

For clinical use, the chief advantages of this method as compared with 
Ziehl-Neelsen are that the tune taken from receipt of the sputum to the nucro- 
scopic examination is only about 4 minutes, and that other acid-fast bacilli are 
not demonstrated. Otherwise there is little to choose between the two methods. 
The tubercle bacilli are as easy to recognise microscopically ; they are black 
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Fig. 1. Fic. 2. Fic. 3. 

Figs. 1-3. — ^Tubercle bacilli from gumea-pig lesions, x 1700. 



Fig. 4. Fig. 5. Fig. 6. 


Figs. 4-6. — Tubercle baciUi from human sputum, y 1700. 
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instead of red but have a rather more characteristic morpliologj' bcwuso of the 
beading- Tlio two stains arc equally reliable. Counts of marked fields, stauied 
bv Sudan and subsequently by Ziehl-Keelsen, show that the same number 
of organisms are demonstrated by both methods. Clinical comparison of the two 
methods, carried out on a largo variety of pathological matenal dunng the 
past 9 years (over 200 specimens), has shown an exact correspondence m r^ults, 
apart from one urinary deposit in which scanty tubercle bacilli were found with 
Ziehl-Xeelsen but none with Sudan. 
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RAPID RECURRENCE OF A GLANT-CELL SYNOAIOilA 
OF TENDON SHEATH 

C. J. E. Weight 

Department of Pathology and Bacteriology, University of Leeds 
(PiATES LXIX-LXXI) 

Benign giant-cell synovioma and malignant sj-novioma have generally 
been regarded as entirely separate entities. A case intermediate between the 
two in which there was rapid recurrence is here reported. 

Clinical history 

W. S., a man of 32, first noticed a small swelling on the right hand in 
November 1947. It was situated on the palmar aspect at the base of the index 
finger immediately over the metacarpo-phalangeal joint. The swelling rapidly 
increased in size until in January' 1948 it was half an inch in diameter. After 
this there was no further growth, but he found that the swelling interfered with 
his work. Never at any time had there been any pain. In May 1948 the tumour, 
which rmtil then had been thought to be an implantation dermoid, was excised, 
and it was considered that the whole of the growth had been removed. When 
the stitches were taken out at the end of a week, the operation site was apparently 
normal, but two weeks later, when the bandages were again removed, the 
patient noticed that the swelling had reappeared and was, if anything, larger 
than before. Tlie tumour continued to increase in size, though mainly' in area, 
the degree of projection remaining about the same. In July', 6 weeks after 
the original operation, Mr Michael Oldfield amputated the finger, together with 
the metacarpal bone and surroimding soft tissues. The wound healed quickly' 
and the patient is now, 14 months later, perfectly well, without any sign of 
further reciOTence. There was no history' of injury to this particular site, but 
the patient’s occupation, that of cigarette packer, involved forcing packages 
together by pressure with the palms of the hands opposite the metacarpo- 
phalangeal joints. On the other hand, he had been so employed for Uttle more 
than sis months when the tmnour was first noticed. Prior to this he had spent 
seven years in the army. 
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Morbid anatomy 

The original tumour (fig. 1) was roughly spherical and measured 1-4 X 1-0 X 
1-0 cm. It was encapsulated, and somewhat nodular on the surface, e^cep 
for one slightly flattened and irregular area which gave the appearand o le 
tinnour having been dissected away here rather than shelled out. ^ ^ 

of the surface showed the usual patchy brown and yellow pigmentation o le 
benign synovioma of tendon sheaths. On section the cut surface was greya 
white in colour and slightly translucent, with brown and yellow pigmen a ion 
of the lobulated periphery. 

The specimen from the second operation consisted of a finger wi me 
carpal bone and attached muscles and tendons. There was a swelling 
palmar aspect immediately over the metacarpo-phalangeal joint. On sec lo 
(fig. 1) there was seen to be a well-circumscribed tumour measuring 1‘8 X cm. 
in diameter and 1 cm. in depth. It was ovoid and slightly concavo-convex^ 
with the longest diameter transverse to the length of the digit. It lay 
below the skin and immediately over the flexor tendon sheath, to whic i w 
firmly attached. A slight depression on the deep surface of the tumour 
ponded to the position of the flexor tendon. On section the tumour was 
white in colour as in the original growth, and again there was brown pigmen a lo 
around the periphery, with some bright yellow areas in the more proxima par • 


Histology 

I. Th& primary tumour. This is a giant-ceU synovioma, but much more 
cellular than usual and with relatively sparse giant cells. The great bulk o 
growth is formed of polygonal and spindle cells with varying amoimts, 
never great, of collagenous interstitial matrix. The polygonal cells ^ 

places to be aggregated in masses and sometimes they line small clefts or 
(fig. 2). Elsewhere they are arranged about spaces lined by flattened endot e a^ 
cells, apparently blood vessels. Mitotic figures are present, but not in arge 
numbers and on the whole the tumour cells are not particularly anap as ic 
looking. Multinucleated giant cells of osteoclast type are not numercms u 
are scattered, usually in groups, about the tumomr, sometimes among the ce 
lining the synovial-like spaces. The lesion is quite vascular and there are 
small deposits of hsemosiderin apparently within tumour cells and situa 
particularly around the periphery of the growth. There are also groups o 
foamy cells (fig. 3), both around the periphery and in the substance of 6 
tumoiu, and one or two giant cells of Teuton type are present. 

This growth is more cellular and contains fewer giant cells than is usua 
the typical benign giant-cell synovioma, from which, indeed, it deviates ra 
widely, while stiU obviously of the same class. It appears to be in process o 
becoming malignant. . . , 

II. The recurrent tumour. This is very similar in appearance to the origm 
growth, but in places resembles even more closely than it the benign giant-ce 
synovioma of tendon sheaths. In some areas there are many typical mm i 
nucleated giant cells (fig. 4), but, as in the original tumour, most areas con am 
only a few of these giant cells and are much more cellular and active-loo g 
(fig. 6) than the benign type of growth, and there are abimdant mitotic 
(fig. 6). Altogether this tumour is more cellular than the primary growth an 
shows extensive areas which are both very cellular and devoid of giant ce 
(fig. 5). The tmnour nevertheless is well defined and even encapsulated, an , 
as in its completely benign coimterpart, there are small deposits of 
and several patches of foamy-ceU accumulation. Occasional synovial c e 
are also present. 
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R\riD nrcEuuv.scE or oiAVT-crt-L synovioma 




Fig. 1. — Pnmarj' and recurrent tumours on section : primarj* above. The recurrence 
shows skm on its upper aspect, with attached tendon sheath below. X 2. 



Fig. Frimarj- tumour, showing early synovial space formation, x 280. 
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Commentary 

Tlio tumour thus presents the ehnrftctcrs of fi benign giant-cell syno\'ioma 
■which is becoming or has recently become malignant. Structurally it occupies 
an intermediate position bctvrccn benign ^ant-cell and malignant sj-novdomn. 
Tlie sharply capsulated margin is in striking contrast to •what is seen in the 
frankly malignant tumour, and it is possible that the prognosis may not bo 
quite ns bad as the rapid development of the recurrent tumour -would suggest. 
It may -well be that an important factor in determining the recurrence -was 
incomplete removal of the original growth where it was attached to the tendon 
sheath. Peripheral lobulation is a fentiu-e of many of these tumours and a 
further possibility is that a tiny nodule of tumour tissue -with only the most 
tenuous attachment to the main mass may have been left behind. On the other 
hand, the -unusually rapid growth of the recurrence and the deviation from the 
“ normal ” histological structure in both primarj- and secondarj- tumours point 
to a change in character of the neoplasm itself. 

Berger (1938), in n sur\-ey of the literature of xanthomatous giant -cell 
synovioma, found no indisputably malignant case. He then recorded a tumour 
which he believed was of this variety. Case V in his series, a male of 50, had a 
tmnour on the anterior aspect of the left thigh. On excision it was foimd to 
be invading the quadriceps muscle. Histologically it was described as essentially 
a fibrosarcoma but -with areas closely resembling the classical giant-cell sj-novioma 
of joints and tendon sheaths, including giant cells, foamj’ cells and s 3 'no\'ial 
spaces. Two years after the operation the tumour recurred and was again 
found to have invaded the muscle. It was again removed locally but there 
is no mention of further foUow-up. The case was thought to have originated 
in a subfascial seroris bursa and was regarded as the malignant coimterpart 
of the benign giant-cell synovioma. 

Three years later, De Santo et al. (1941), in a study of 16 cases of synovial 
sarcoma, described three further cases, all associated -with the knee joint. In 
case 11, that of a man of 25, the tumour was described as being formed of 
atypical cells varying from spindle to polyhedral and having ill-defined cell 
outlines, -with mitoses in moderate numbers. Many areas resembled the giant-cell 
tvunour of tendon sheaths. The tumoiu- recurred and was again excised, but 
the patient died 24 years after the first operation from pulmonary metastases. 
Case 13, that of a male aged 48, and case 14, that of a male aged 46, were 
considered identical. Both involved the popliteal space, having probably 
arisen in the semimembranosa tendon sheath. One recurred after four months, 
the other after eleven months. Polio-wing further excision the patients were 
well two years and one year later respectively. Histologically the -tumours 
were formed of polyhedral and spindle cells -with numerous large giant cells in 
some areas. In the recurrences mitotic figures were said to be fairly numerous, 
about two per high power field. Synovial spaces, hsemosiderin and foamy cells 
were present, but foamy cells were rare or absent in the recurrences. The 
authors considered that these last two tumours constituted a less malignant 
variety of syno-vial sarcoma and were more likely to prove locally malignant 
only. 

_ A further case, as yet unpublished (Stewart, quoted by Willis, 1948), also 
m\ olved the popliteal space and was invading the muscles. 

^ ^ well-kno-wn the site of election of the benign giant-cell syno-vioma is 

e ger, three out of four in Stewart’s (1948) series of twenty-six cases, 
i^e not been able to find a single recorded case of malignant change in one 
ot thtee tumours situated on the hand. Galloway ei al. (1940), in a series of 
seventy c^es of benign giant-ceU synovioma at the Mayo Clinic, found mitotic 
ngures only on rare occasions and in only twelve of the tumours. 
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Summary 

A synovioma of the hand which recurred within two weeks is described. 
Microscopically the tumour is considered to be intermediate between the benign 
giant-cell synovioma and the malignant S 5 movioma. No comparable example 
has been found in the literature but five cases are recorded (fom associated 
with the knee joint and one in the thigh) as constituting the malignant coimter- 
part of the benign giant-ceU synovioma. 

I wish to thanlr Professor M. J. Stewart for his interest and advice and 
Mr M. W. C. Oldfield for permission to publish the case. 
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THE PRESENCE OF OLEIC ACID-REQUIRING 
DIPHTHEROIDS ON HUMAN SION 

M. R. Pollock, S. D. Wainwbight and E. E. D. ISIanson 

Medical Research Council Unit for Bacterial Chemistry, 

Lister Institute, London, jS.TF. 1 

(Plates LXXII and LXXHI) 

It is now established that the growth of a variety of micro-organisms is 
markedly stimulated by oleic acid and other unsaturated fatty acids. The 
evidence was reviewed by Pollock (1949). In some instances the need for 
oleic acid is absolute. This stimulating effect of oleic acid for micro-organisms 
was first described by Fleming (1909) for Corynebacterium acnes and, much later, 
by Benham (1941) for Pityrosporum ovale. Both these organisms are known 
inhabitants of the human integument, frequently found in association with 
the acne pustule and seborrhceic conditions repectively. The presence of 
oleic acid or similar fatty compotmds, or both, on the human skin (Burtenshaw, 
1942) makes it not unliliely that a number of strains of saprophytic or potentially 
pathogenic micro-organisms requiring unsatm-ated fatty acids may have their 
natural habitat there. 

In an attempt to discover whether such fatty acid-requiring organisms 
were likely to be of frequent occurrence on the skin, a throat swab, moistened 
in broth, was rubbed over an area measuring about 3x5 cm. on the extensor 
siu-face of the left forearm and inocvdated on to a plate of nutrient agar. 

Fifty-two apparently different colonies from the ensuing three-day growth 
were subcultured and isolated. A preluninary test of their need for oleic acid 
was made by inoculating each strain on to plain nutrient agar, nutrient agar 
containing 0-2 per cent, activated charcoal (B.D.H.) and nutrient agar with 
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DiPHTin'.noins' os fiiLMAS skis 2ir, 

1 in 25.000 olcir nciil. Clmrconl h Unmm to nb'-r.rb tlie Pinnll ([unnlifirT of 
free fntty ncid pro'-ent in tlie tryptic inent Imfc (Pollock, 1017, 1010), po tlmt 
Ftimulntion by oleic ncid ronibined with inhibition by clmrconl token 
on indication tlmt the orpniipin probably nwbvl oleic ncid for prowtb. 

Of 52 Ptrninp tcpttxl, 5 failc<l to prow on clmrcoal npnr. All 5 ^^cre markedly 
Ptimnlnbxl by oleic ncid (fip. 1), All 5 were inocnlnte<l. after the eelk bad 
been washed once with distillc<l water, into a medium contnininp casein hydro- 
l\-sate (Asbo’.s “ \dtnmin-freo ”) pbm 10 prowtb factors, and all 5 rnile<l to prow 
unless oleic ncid, sjiccially prcparc<l and puriric<l by Dr G. A. Howard, was 
ndde<l ns well : prowtb ns judpcsl by eye, thouph variable from strain to strain, 
was roupblv proportional to the amount of oleic acicl adde<l, from 0*,5 to 
40 ;ip. ml. (fip. 2). 

Morpbolopicnlly. nil 5 strains were short, Gram-positivc, irregularly stnininc 
diphtheroid rods, indistinguishable one from another ; but siigar fermentation 
reactions (table) showed that nt least 3 different tj-pes were present. It was 

Tault; 


Sugar Jcrmcntalion reaejions of 5 slrniim of okic add -requiring 
diphtheroids isolated from human sHn 
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Tubes contained 1 per cent, of tho sugar in Hiss’ serum water. Incubation for 
3 weeks nt 37° C.+ = ac'd formed. 


not possible to distinguish between D. and C, or between D 4 and Gjo, either by 
growth characteristics or biochemical reactions, so that these two pairs must 
provisionallj’ be regarded as identical. 

Por comparison, representative strains of a ntimber of well-known 
diphtheroids were tested in a similar way. These included G- acnes (from 
Mr H. Proom, Wellcome Laboratories, Beckenham), C. xerosis (X.C.T.C. 7243), 
C. murium (Is.C.T.C. 949), G- ovis (Is.C.T.C. 3451) and G. pyogenes (jJs.C.T.C. 
6448), as well as the twelve un-named types isolated and described by Barratt 
(1924-25) and obtained from the National Collection of Type Cultures by the 
kindness of Dr S. T. Cowan, the Curator. The Barratt diphtheroid strains 
were derived from a variety of sources but did not include any isolated from 
the skin. 

All these classified (hphtheroids were stimulated or inhibited to some degree 
by oleic acid ; but, with the exception of G. acnes, only one strain, Barratt 
type m, showed marked stimulation by oleic acid combined with almost complete 
inhibition by charcoal. This organism grew rapidly in the casein hydrolysate 
medium in the presence of added oleate, but had not completely lost the ability 
to sj-nthesise its own oleic acid, since it grew, albeit extremely slowly in the 
basal medium alone. •’ ’ 


Tims It apears that among diphtheroids absolute dependence on oleic acid 
is commonest amongst species inhabiting the skin, where there is an abundant 
supply of the neces^^ growth factor in an assimilable form. It is possible 
that oleic acid-requiring diphtheroids, such as those described in thfa paper 
may be of widespread occurrence, presumably as harmless saprophj-tes of no 






276 M. B. POLLOCK, S. D. WAINWRIGBT AND E. E. D. MANSON 


pathogenic significance. ' It should be borne in mind, however, that the powerful 
self-disinfecting ability of the skin for potential pathogens such as streptococci 
and staphylococci has been shown by Burtenshaw (1942) and Ricketts, Squire 
and Topley (personal communication) to be due to the presence of oleic acid 
derived from the sebaceous secretions. In so far as fatty acid-requiring micro- 
organisms need and utilise skin oleic acid, they might on occasion be indirectly 
responsible for a wealrening of the natural defences against invading pathogens 
and so contribute to infection of the body by other organisms. . 

Summary. Of 62 apparently different microbial colonies isolated fforn a 
small area of skin on the forearm, at least 3 biochemically distinct strains were 
foimd which had an absolute requirement for oleic acid for growth in a chemically 
defined medium. All 3 were Gram-positive diphtheroids. 
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OBITUARY NOTICES OF DECEASED I^IEMBERS 


Stuart ^!^C‘Don^l^ 

27th May 1873-15th November 1948 
(Plati: LXXI\') 


The death of Stuart McDonald, emeritus jirofessor of pathology in 
the University of Durham, occurred suddenly at Edinburgh on 
loth Xovember 1948. An original member of our Society, he devoted 
himself unreservedly to its interests and took an active part in its 
proceedings and discussions, while at its dinners he added much to 
the enjoyment of the company by his humorous contributions. He 
had an attractive and forceful personality, with many characteristic 
traits, and will long be remembered by all who knew him. 

McDonald, the youngest of a large family, was bom in 1873 at 
Castle Douglas, Kirkcudbrightshire, where his father was a prosperous 
man of business. He was brought up in a lovely countrj'side, rich 
in tradition and romance, and from these surroundings he received 
an impress which affected his mental outlook and tastes throughout 
his life. He received an excellent school education at Dumfries 


Academy, which was, and still is, one of the best schools in Scotland 
and has had among its pupils many who have attained eminence. 
His great ability soon became manifest ; he won distinctions, and 
finished his school education by being dux of the school. It is interest- 
ing to note that Sir William Wright Smith, the eminent botanist, 
was dux in the foUo^ving year. On leaving school, McDonald went 
to Edinburgh University and, as a preliminarj' to his medical studies, 
attended for a year classes in the arts curriculum, chieflj’ of a literary 
nature. Thereafter he had a highly successful career as a medical 
student, distinguishing himself especially in the clinical subjects and 
graduating Ch.B. in 1896. At that time there were, and there 

stUl are, teachers in the extra-mural medical school whose courses 
qualified for graduation, and McDonald took not a few of his classes 
there, alwajs selecting his teacher according to what he considered 
lus merits ; always independent, he never foUowed the herd. 

Penod McDonald acquired a strong bent towards 
patholo^ and, wlMe still a medical student, gave voluntary assistance 

S ^Ll^Sed h pathology department of the Royal Infirmarj^ 
He lecogmsed, however, that post-graduate experience in cliniSl 
^-ork was mdispensable to the successfiil understanding of the suS 
and tins experience he obtained in various ways. L fimt became 
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house surgeon in the Cumberland Infirmary at Carlisle, where he 
had Wade, now Sir Henry, as colleague, an association which led 
to a life-long friendship. For a short time afterwards he had experience 
of general practice in England, and then became resident pathologist 
in the Birmingham General Hospital, a post which he held for fully 
two years. Here he was in charge of the pathological services and 
had at his disposal a great wealth of pathological material. . Tlius, 
being an indefatigable worker, he soon acquired a wide knowledge of 
his subject and this was further enlarged by his worldng for a time with 
Aschoff in Freiburg, from whom he gained, as so manj’" others have 
done, inspiration as well as valuable instruction. 

In 1901, on the appointment of B. F. C. Leith to the chair of 
pathology in 'Birmingham, McDonald succeeded him as lecturer in 
the School of Medicine of the Rojml Colleges of Edinburgh. In this 
post he became responsible for giving complete courses, qualifjnng 
for graduation, in both systematic and practical pathologj’'. His 
duties were onerous, but he had great powers of work and greatly 
enjoyed teaching. The quality of his instruction soon became 
recognised ; he proved to be not only an able and successful teacher, 
but also to have the faculty of imparting some of his own enthusiasm 
to his students. 

McDonald was appointed pathologist to the Edinburgh Royal 
Hospital for Sick Children and later, on a vacancy occurring, pathologist 
to the Edinburgh Royal Infirmary. In spite of fhe heavy routine 
duties which these posts involved, he prosecuted research on a number 
of subjects, including an important investigation on epidemic cerebro- 
spinal meningitis. He made this the subject of the thesis for which, 
in 1907, he gained the degree of M.D. with honours and a gold medal. 
In 1900 he became a Member of the Royal College of Physicians of 
Edinburgh and in 1904 he was elected a Fellow. In' 1920 he was 
admitted to the Fellowship of the Royal Society of Edinburgh. 

His departure from Edinburgh in 1909 on appointment to the 
staff of the College of Medicine at Newcastle upon Tyne was much 
regretted by his many colleagues and friends in Scotland, and he left 
behind him a high reputation both as a pathologist and as a man. 

R. M. 

When Stuart McDonald came to Newcastle in 1909 he was 36 years 
of age and already a pathologist of established reputation. He was 
the first whole-time pathologist in the Newcastle School, and, though 
actually appointed as lecturer, was almost at once elevated to a 
professorship in recognition of his standing as well as the importance 
of his subject. 

It must be admitted that there was not much of a department 
but there was a great tradition in morbid anatomy, linlced especially 
with the names of Byrom BramweU and David Drummond, and 
there was a verj’^ good pathological collection in the museum. But 
McDonald was in no waj?' dismayed and threw himself into the work 
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of omanbation great cnth«cm>?m, and it \va<i not long before 
his cnbrt<5 yielded re‘^ults. He soon reorgani'-cd and enlarged the 
laboratory and class rooms and gathered together a staff rvho helped 
him most loyally. His efforts ^^cre greatly aided by his early appoint- 
ment as pathologist to the Royal Victoria Infirmary, for that opened 
np a tremendous field, ■which he r\as not slow to cultivate. Irom the 
outset the importance of his subject in the School curriculum was 
much enhanced and his lectures and laboratory teaching were greatly 
appreciated. McDonald co-operated well r\ith the clinicians and 
throughout the whole of his tenure of office his relations with the 
staff of the Infirmarj' were cordial and of the greatest benefit to the 
’aork of the hospital and to the status of the School. 

^lauih’ a morbid anatomist, he was particularl 3 ' keen on the 
histological side and used to take great pains to render his reports 
both helpful and interesting. He would take a lot of trouble discussing 
points concerning the pathological interpretations, and these informal 
consultations were of the greatest value to the j’onnger clinicians. 
From the outset he inculcated a great lesson bj' insisting that whenever 
possible the slides should be studied side bj* side ■ndth the gross 
specimen. 

In his earlier daj's in Newcastle, SleDonald did good work on acute 
atrophj' of the liver and on lung conditions associated with industrial 
disease. He also worked on meningococcus infections, wliich involved 
much experimental work on monkej-s. It was in this connection 
that I recall his insisting that in pathological problems it was necessary 
to “ get back to the soil,*’ for he had constantlj* in mind the reactions 
of the living body to pathological invasion. 

From time to time he also undertook medico-legal work, when his 
care and attention to detail ensured that his opinion was much valued 
in legal circles and he was regarded as a reliable expert 'witness. 

He was a great encourager of young workers and in 1929 no less 
than three of his assistants obtained Rockefeller Fellowships. 

In the 1914-18 war McDonald turned to and did some clinical 
work in the first Northern General Hospital, which I think he very 
much enjoyed. Certainly he showed himself a good clinician, his 
early experience in hospital and in a country practice standing him 
in good stead, for he would remember and recount many of the lessons 
which had made such an impression on him in those early years. 

Coi^g from a great medical school like Edinburgh, it is not 
surprising that he took his teaching duties seriously. This was verv 
much to our advantage in Newcastle and his efforts were much 
appreciated. McDonald was a good examiner and his services were 
much sought aflnr in that capacity. He had great sympathy with 
the shy or reluctant student and a great sense of fairness. His object 
was alwa 3 -s to find out what the student knew and only tmder 
provocation would he plumb the wells of ignorance. 

At quite an early period of his tenure he arranged a meeting of 
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the Pathological Society in Newcastle. It was in July 1912 and I 
well recall how he roped many of us in to help and the zest ■with which 
he made preparations for what turned out to he a very successful 
and memorable gathering. A similar meeting was held in 1924 hut 
that was rather more specialised. I really believe that one of the 
best things he did in Newcastle was to start the Pathological Club in 
1910, just the year after his appointment. This drew its members 
from all the workers about the School and included some of the more 
enthusiastic medical practitioners, with a not inconsiderable number, 
be it said, of those from his o'wn Alma Mater. For some years the 
Club was a high light in the School, and its meetings, held in the 
evening after dinner and sometimes carried on until a late hour 
never too late for McDonald — were greatl}’’ enjoyed by all who could 
manage to be present. McDonald was always the guiding spirit and 
I am sure that the venture did much to help the younger people and 
to keep up the interest of the more senior. 

As time went on and the School developed, problems of organisation 
and management came more and more to the fore and McDonald was 
dra'wn into the vortex. He was elected to the Council of the College, 
was made Chairman of the Academic Board and later a member of 
Senate. In 1927, on the retirement of Professor Howden, he became 
Dean of the School and there is no doubt he was most successful in 
this capacity, but I think we must admit that his activities in this 
direction were only carried out with considerable and regrettable 
loss to his O'wn Department. As Dean he took the greatest personal 
interest in the students and many young men must owe him a lasting 
debt of gratitude for the care and patience with which he endeavoured 
to help them in their individual problems, even when their difficulties 
extended far beyond the purview of his o'wn department. But from 
the beginning he had been interested in the student body, who held 
him in affectionate regard. He had quite a flair for associating ■with 
young folk and managed them in a remarkable way. Possibly his 
interest in athletics played some part in this success, which reached 
its peak when he became president of the Rugby Football Club. 
During that period he never missed a match at home or away. His 
advice to the players and his personal interest in their difficulties 
contributed to their great success during a remarkable season. 

McDonald also took a keen interest in University hfe generally 
and grew to be very fond of Durham. He loved to attend academic 
and social functions in the beautiful setting which the University 
precincts pro'^dde in that fine old city, and the writer has ■vivid 
memories of his enthusiasm as we motored the sixteen miles home 
on fine June evenings after some function at the Castle. 

He was a first-rate companion and soon came to be recognised as 
a great raconteur. Some of his stories were really priceless and this 
aspect of his personality became quite a tradition among those who 
were pri'vileged to hear him at his best. He really had a great love 
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for his fellows and responded nell to the kindly approach, but he 
could be tacituni and was not always too tactful with tho«e vho 

disacrced with him. i • 

He was intensclv fond of the country and the open air, and lishing 
was his great relaxation. It is peihaps not .surprising that a man 
who had suffered great sorrow and had to endure serious provocation 
was liable to periods of despondency, but in the vorst times he found 
comfort in the open air and especially if his excursion took him 
northwards towards familiar surroundings in his own homeland 
over the Border. Though not a musician, he loved music and certain 
tj-pes made an especial appeal to him, for there was something of the 
mystic in his character. When haras-^ed and worried he found relief 
in listening to some of his favourite records with the lights out. 
Poetrv also made a strong appeal and almost our last correspondence 
concerned the life storj" of the young Northumbrian poetess, Ada 
Smith, whose “ In City Streets ’’ he regarded as very fine and often 
quoted, I think because her lines echoed a recurrent sentiment in 
his omi make-up ; — 

“ ^ly eyes an ache to see the brown bums flowing. 

Through the peaty soil and tinkling heather bolls.” 

The early death of liis young wife was a stunning blow : it inflicted 
a psychological injurj^ from which he n as slow to recover. Gradually 
the realisation of his responsibility for his onl}* child created a new 
outlook and he found consolation and awakening pleasure in the 
upbringing of his son. The success of young Stuart academically 
and in his chosen career in pathologx’, his notable war service and 
appointment to the St Andrews chair of pathology lightened sad years 
of failing health and diminishing physical powers, but liis tragic 
death in 1947 was a knock-out blow, the results of which his father 
carried to the grave. 

McDonald retired from the chair and left Newcastle in 1938. 

G. G. T. 

If one views ^IcDonald’s original work in pathology as a whole, 
one may say that it was practically confined to morbid anatomy 
and histology'. The only exception to this was his experimental work 
on epidemic cerebro -spinal meningitis, in which he studied the trans- 
mission of the disease to monkeys. This work, published in two papers 
in 1907, was of a comprehensive nature, and it is interesting to note 
how closely many of his conclusions are in conformity with what 
has since been firmly established. The list of his contributions includes 
papers on a variety of subjects. He took a special interest in the 
more acute lesions of the liver and his paper on acute yellow atrophy 
m sj-philitic subjects treated with salvarsan is important and suggestive. 
He was the first to observe the characteristic '' bodies ” in the lung 
lesions of asbestosis, an observation which proved to be most valuable 
m the elucidation of the disease. Other papers are mainly on individual 
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cases and need not be referred to in detail. AH are characterised 
by careful and accurate observation and balanced judgment. 

It should be noted that McDonald liked to work in collaboration 
with others and not a few of his papers are joint productions. This 
was in keeping with his faculty of stimulating his students in research, 
and he had very real pleasure in any success obtained by them. His 
teaching and extensive routine hospital duties, however, gave him 
httle time for sustained research on a particular subject. His medico- 
legal work too made heavy inroads on his time, for he always 
maintained a high stapdard in these investigations. He was in fact 
eminently conscientious, and made it a rule never to state in evidence 
what he would not be prepared to present to a medical society. The 
organisation of hospital pathological services and the arrangement 
of the medical curriculum were two other subjects to which he gave 
both time and thought. 

McDonald was a man of scrupulous uprightness and great kindliness, 
with a friendly interest in the rvellbemg of those around him. In all 
his activities there was one outstanding feature — his zest. This was 
seen both in his pathological work and in his recreations. He was 
enthusiastic in outdoor sports, and especially in fishing, golf, curling 
and bowhng. It was from the first of these, however, that he derived 
the greatest pleasure, and he was as expert as he was enthusiastic. 
Many were the delightful angling outings that he had in various 
parts of Scotland, and also in Norway and Iceland, often in company 
with his son Stuart. From each of these he would bring back strange 
tales, as well as curious facts in natural history for which he was 
ever on the outlook. And he looked the countryman, Avith his big 
frame and rubicund countenance, his cmly hair and the Idndly twinkle 
of his eyes behind (or beneath !) his spectacles. His delight in nature 
was ardent and enhanced by knowledge of aU her moods and Amgaries, 
and his life in the country in later years gave him enviable oppoi’tunities 
of study and appreciation. His loA^e of floAvers amounted almost to 
adoration, and the little AA^ayside blossom found a place in his heart 
along with the rose in its fuU and glorious beauty. 

His zest was seen in other departments also. He was a great 
reader, with full appreciation of Avhat Avas good in literature and 
decided tastes as to favourite authors. He was devoted to poetry, 
notably that of Keats, and was himself a AAniter of characteristic 
A’^erse of no small merit. His memory was remarkable. He had a 
great liking too for a good picture, and excellent judgment therein. 
It is not surprising that these tastes and quahties made him a 
conversationalist of unusual attractiveness : a “ night AAuth Mac ” 
was always a thing to be looked forward to by his friends and to be 
remembered afterwards. 

His Adtalit3'^ and keenness, hoAvcA'er, were not uniformly maintained. 
He was temperamental — ^there were times when he would cut himself 
off from his associates and become Ioav sphited. Such moods came 
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to be understood nnd reckoned with by his friends, but with otlicrs 
they sometimes led to misunderstanding. Tt is important for an 
undei'standing of McDonald’s personality that these facts should be 
recognised. 

;McDonald had in his life heavy and painful losses, sonic of which 
have been already referred to. In particular there was the death of 
his charming and gifted son, which quite prostrated him for a time. 
In his later years he had also heavy disabilities from his omi state of 
health. Cataract in both eyes appeared, and operation on one eye 
revealed also the presence of choroiditis of an intractable nature. 
There was progressive loss of vision and he became quite unable to 
read. He had also to face the disability of prostatic and later still 
of myocardial disease. In spite of those heavy trials, McDonald had 
for some months before the end regained some of his old mental 
vitality, and even the capacity for enjoying things outside liimself. 
Compelled by the state of his health to give up his liouse at Broughton, 
he came to live with his nieces in Edinburgh, and at his club there 
he derived intense pleasure from occasional meetings with a small 
circle of friends at limch or dinner. At these, as in the old days, he 
was always the life and soul of the party. 

He died in his sleep, which is as he would have wished. R. M. 

Robert JIthr 
G. Grey TT7R^*EE 
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1882-1948 
(PliATE LXXV) 

James McIntosh tvas bom in Aberdeen on 6th September 1882. 
He was educated at Robert Gordon’s College and at Aberdeen 
University, where he graduated M.B., Ch.B. in 1905 and gamed an 
Alexander Anderson Scholarship. In 1906 he went to Paris for the 
bacteriological course at the Pasteur Institute and carried out research 
with levaditi. Returning to Aberdeen in 1908, he was awarded the 
M.D. with highest honours. In the autumn of 1908 (not, as stated 
in the Lancet and British Medical Journal, in 1910) he joined his 
fellow townsman William Bulloch at the London Hospital, holding 
first a Carnegie research scholarship and later, in 1910, a Grocers’ 
scholarship. Here he remained until 1920, when he became professor 
of pathology in the University of London and director of the Bland- 
Sutton Institute of the Middlesex Hospital in succession to C. H. 
Browning. This appointment he held for the rest of his life. 

McIntosh served as President of the Pathological Section of the 
Royal Society of Medicine, Treasurer of the Pathological Society of 
Great Britain and Ireland fi:om 1930 imtil his death. Chairman of 
the London University Board of Studies in Pathology, President of the 
Institute of Medical Laboratory Technology and examiner to the 
Universities of London, Cambridge and Manchester and to the 
Conjoint Board. 
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In the list of McIntosh’s published work it mU. be seen that a 
number of his early papers appeared in foreign journals. At that time 
there was a serious dearth of pathological journals published in this 
country and deliberations took place between J. A. Murray, W. E. 
Gye and McIntosh on the question of starting a new journal. The 
present writer was sounded by McIntosh and in due course a group 
of younger pathologists undertook the financial risk of founding the 
British Journal of Exferimmtal Pathology. Throughout his life 
McIntosh retained a close interest in the new journal and in it he 
pubhshed much of his research work. Latterly, after the journal 
had been turned into a company limited by guarantee, he became 
the first vice-president. 

McIntosh, who was a bachelor, died in Aberdeen on 5th April 1948. 

Notes on McIntosh’s personality appeared in the Lancet and 
British Medical Journal of 17th April 1948. The present writer was 
intimately associated with him from 1908 to 1916 and from 1934 to 
1940 and, of course, less intimately in the intervals. It is common 
knowledge that some found him “ difficult.” So far as concerned 
the present writer, an Englishman, who had long association with 
William Bulloch and could make some allowance for national 
characteristics, no “ difficulty ” was experienced. He was a pleasant, 
interesting and loyal colleague and companion. 

His junior, R. W. Soarff, has written of him that : — “ He possessed 
the quick temper and generous nature that so often seem to go 
together and so often seem to inspire loyalty. Intolerant of inaccurate 
or shpshod work he would show great kindness and understanding 
in the difficulties of others. He had the power of infecting his colleagues 
with his own enthusiasm and his wise and successful guidance of the 
Bland-Sutton Institute of Pathology over so many years was in no 
small part due to his knowledge of just how much help his assistants 
needed in their work without in any way limiting their freedom of 
thought.” 

Research work 

McIntosh’s activities in medical research may be described under 
the major groups in which he became interested. Of these the first 
and not the least important was syphihs. 


Syphilis 

It wifi, be remembered that prior to 1903 little was known about 
the pathogenesis of syphilis. It was not a subject which came into 
the field of experimental pathology at aU. In 1903 Schaudinn 
discovered Sp. pallida ; in the same year Metchnikoff and Roux 
transmitted the disease by inoculation ; in 1906 Wassermann, Neisser 
and Brack described the “ Wassermann reaction ” and Landsteiner 
and Mucha the dark-ground method of demonstrating the 
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spirochrotc ; in 1900 Ehrlich ami Hnta discovered “ OOG ” ; in 1010 
the first clinical trials Avere puhliOied and the preparation was put 
on the market. Tims in seven years the causation, diagnosis and 
treatment of this obscure disease were established and during part 
of this time !McIntosh was working in Metchnikoff’s laboratorv- vith 
Levaditi, the discoverer of a practical method of spirocluetc staining. 
After his return to England full of this subject he worked uith the 
present uTiter in Bulloch's laboratorj- at the London Hospital. A 
book published in collaboration in 1011 showed how syphilis could 
now be dealt with “ from the modern standpoint 

:^IcIntosh's first work on sj-philis was udth Levaditi, the results 
of Avluch Avere published in 1007. A number of unsuccessful attempts 
had been made to cultwatc SpitocJKxfa pMida, noAv IvnoAATi as 
Treponema pallidum, particularly in collodion sacs in the rabbit's 
peritoneum, and Levaditi and ^Iclntosh tried the monkey’s peritoneum. 
A capsule containing chancre material from a monkey was placed in 
the peritoneum of another monkey AA’hich AA-as simultaneously inoculated 
in the eyebrow. TAventy -three days later the eyebrOAv developed a 
chancre and the peritoneum was then opened. Tlie capsule was found 
to contain an impure culture of a .spirochojte resembling T. pallidum. 
Tliey had no difficulty in passaging this first culture through rabbits, 
but it was alwaj’S mixed Avith anajrobes. Attempts to obtain cultures 
in vitro failed. Whether the spirochajte of Levaditi and ^McIntosh was 
indeed the spirochete of syphilis cannot noAv be decided. They were 
unable to demonstrate any pathogenicity in the mixed cultures. 
Levaditi had already described his staining method for spirochtetes 
in tissues and !McIntosh took up and developed a lasting interest in 
histologj-. He took his ^I.D. (Aberdeen) on a thesis describing the 
distribution of S. pallida in congenital syphilis, and in 1900 pubbshed 
a paper on the presence of this organism in the OA-ary of an infant 
AAhich died a few days after birth AA-ith acute generalised SA^philis. 
He concluded from this that the possibibty of the direct transmission 
of sypliilis to the offspring through the maternal OAuim could not be 
excluded. It does not seem, however, that his data had direct bearing 
upon this matter. 


In Paris, also, McIntosh had become familiar AAith the early AA-ork 
on the Wassermann reaction. He had published in 1909 a paper 
on the climcal aspects of this reaction. He made an important 
contribution to knowledge when he demonstrated that a positive 
Wassermann reaction could be taken to be a sign of active syphilis. 
The Wassermaun-reacting antibody differed from ordinary serum 
antibodies in this respect. He found that trypanosome-infected rats 
developed both specific antibodies and Wassermann-reacting bodies. 
On treatment AAith atoxyl, leading to disappearance of trj-panosomes 
tie Wassermann-reacting bodies disappeared from the serum, while 
the specific antibodies were unaffected. Siniilarl 3 -, he found that 
cure o sjphilis Avith “ 606 ” led to disappearance of the positive 
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Wassermaim reaction. In due course he published several papers 
on the practical aspects of the reaction, and in 1912 introduced the 
formula for a cholesterolised alcoholic heart extract which has since 
become the standard antigen used in the test in place of alcoholic 
extracts of congenital syphilitic liver. Later he undertook a comparison 
between the results of the Wassermaim reaction and of the flocculation 
reaction of Dreyer and Ward, and proposed a method for converting 
Wassermann quantitative results to “ units ” on the lines of Dreyer ’s 
system. 

McIntosh was also early involved in the introduction of salvarsan. 
In 1910 he published a paper on the effect of “ 606 ” in relapsing fever 
in rats. A year later, clinical trials in syphilis had proceeded far 
enough to permit publication, and he then for the first time 
collaborated with the present writer.* In the course of intravenous 
treatment it was found that severe febrile reactions occurred (1912). 
These had been ascribed to a “ salt ” effect, but it was shown that 
dead bacteria which had grown in the distilled water were the real 
cause. Incidentally, it was shown that salt solution containing 
dead bacteria had a remarkable curative effect on some conditions, 
a fact which was re-discovered later under the title “ protein shock 
therapy.” 

In 1913 was published the first of a series of papers on syphilis 
of the nervous system in which Sir Henry Head took a great interest. 
The expression “ parasyphilis ” was then in use to describe such 
diseases as general paralysis and tabes, and it was far from being 
generally accepted that these were direct manifestations of syphilis 
and not degenerative sequel® of syphilis or indeed of other conditions. 
It may certainly be claimed that McIntosh’s work accelerated 
acceptance of the view that they were normal syphilitic processes 
occurring in the nervous system, not differing from syphilitic processes 
elsewhere. Sometimes the chief action was exerted on the parenchyma 
(nerve cells), sometimes on the vascular tissues. 

When salvarsan treatment became general it was soon found 
that the parenchjnnatous forms of syphilis of the central nervous 
system often failed to respond to the drug. It was shown (1914) 
that when salvarsan was injected into man or animals, arsenic could 
be found in all parts of the body except the brain. It appeared that 
there was an anatomical barrier between the blood vessels and the 
nervous tissues through which salvarsan could not pass. Experiments 
(1916) were undertaken to “ carry ” the arsenic in combination with 
a dye capable of passing this barrier but these were abandoned on 
the outbreak of the first German war. 


* At this time jMcIntosh was a research worker, the present writer a routinist. 
The latter, though a 3^ear older, was of course less experienced in research. 
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rjr?u'! dif^cnscs 

^McIntosh’s work on ccrchrnl syphilis hnd developed his interest 
in other infections associated with changes in the ncr\-ous system. 

In 1013 he published a paper with Hubert Turnbull describing the 
transmission for the first time of poliomyelitis from English cases to 
monkeys. Again in 1020 and with the same collaborator he trans- 
mitted the virus of encephalitis lethargica to the monke\’ from 
man. Previous claims bj' foreign workers were considered to be 
open to criticism, but in his own work the disease was reproduced 
with all the fundamental clinical and pathological manifestations. 
Subsequentlj’ this strain was passaged twice both in monkeys and 
in rabbits and one control monkcj' acquired the disease spontaneous!}’. 
Later, improved teclmique gave such constant results in rabbits 
infected directly from human material that inoculation could be 
used for diagnostic purposes. 

As early as 1912 Turnbull had noted the occurrence of encephalo- 
myelitis in recently vaccinated subjects and watch was kept for further 
cases. In 1926 seven cases were reported on by Turnbull and Jilcintosh. 
Vaccinia virus was found to be present in the brain and cord and 
this was the only virus found. The pathological and clinical picture 
differed from that of encephalitis lethargica and pohomj-elitis but 
resembled that of variolous encephalitis. Further, a comparable 
condition was produced in animals by inoculation with vaccine Ijnnph. 
The possibilitj’’ of producing fatal encephalitis by vaccination naturallj’ 
was disturbing to the jMinistry of Health, and the matter was 
investigated by a committee which included Sicintosh. In due 
course the committee issued a majority report, leaving McIntosh 
in a minority of one. Anyone who reads Turnbull and McIntosh’s 
paper at the present time will be surprised to learn that the Committee 
attached no credence ” to the hypothesis that the encephalitis 
was due to vaccination. He will note, however, that the report is 
so full of reservations as to leave it with little or no meaning, but 
the underlying suggestion is clearly damaging to Turnbull and 
McIntosh. The report of the committee was so little decisive that 
another committee was formed three years later from which McIntosh 
was excluded. This committee went so far as to acquit “ vaccinia 
virus of being the sole cause of this complication ” but was “ unable 
to exonerate vaccination from playing some part in its causation.” 
Drafted in other words, suitable for plain people, the report 

might readily be accepted as a commendation of Turnbull and 
McIntosh. 

Justifiable indignation did not prevent McIntosh from pursuing 
the matter. With Scarff he was able to show that the lesions in ‘ 
anima were produced solely by vaccinia virus without the inter- 
ven ion o some other hypothetical virus which naturally could not 
be proved to be absent by the committee. Further, histological 
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examination revealed constant differences between the encephalo- 
myelitic lesions caused by different viruses. 

McIntosh’s investigation of the Great Epidemic of influenza did 
not lead him to support the idea, then developing, of a virus as a 
causative agent. He was able to reproduce conditions in animals 
indistinguishable from influenza by means of filtrates of the influenza 
bacillus, presumably toxins, while with filtrates of nasal washings 
he produced no iU effects. The production of antibodies to B. influenza 
in patients and the therapeutic effects of convalescent sera indicated 
that an infection by B. influenza certainly took place. Much later 
(1933), after the publication of Shope’s papers on swine influenza, 
he took up this work again. He made anserobic liquid cultures from 
filtrates of human influenza lungs, and after a number of days found 
a diffuse haziness in serum broth. No organisms were seen by stainmg 
or darkground Ulumination but the haziness was propagated in series. 
He described the haziness as a “ microbe ”. The microbes passed a 
filter and centrifuged deposits stained by Fontana’s method showed 
fine particles. The microbe survived boiling for “ several minutes . 
Inoculation produced no effect and nasal instillation in rabbits was 
ineffective. These animals, however, showed lung hsemorrhages after 
being IdUed. It will be seen that this short paper is in some respects 
unconvincing. 

Still later (1937), stimulated by Wilson Smith, Andrewes and 
Laidlaw, he returned to the subject with Selbie. He propagated 
further strains of haziness by the same methods and this time instilled 
it into the nose of a ferret. This animal developed fever and the lungs 
were found to be haemorrhagic. Filtrates from the lungs produced 
the same effect in other ferrets. The original ferret material was 
also effective in mice and could be propagated in series, and eventually 
the disease was transmitted to a monkey. Convalescent influenza 
sera and anti-influenza sera (Smith, Andrewes and Laidlaw) were 
to some extent protective. McIntosh now became convinced of the 
role of a virus in influenza though, no doubt, still retaining some 
interest in the influenza bacUlus. 


Ttimours 

McIntosh became involved in the study of tumours from his 
contacts with J. A. Murray and W. E. Gye at the Imperial Cancer 
Research Fund. In 1910 there was some discussion on the significance 
of spirochretes in ulcerated carcinomatous lesions or mouse tumours 
propagated originally from material raised by the Imperial Cancer 
Research Fund. This fresh material stained by Levaditi’s method 
failed to show spirochsetes and thus these organisms could not be 
implicated in the causation of cancer. 

He. also took up the subject of the Rous sarcoma of fowls in which 
a filterable virus was coming to be recognised as the exc':- • ..^cause. 
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The question was bound up with a possiide vims cause of mammalian 
cancer. J^IcIntosh supported tbc role of a virus in sarcoma but was 
dubious about tbc evidence in mammalian cancer. 

Tailure to obtain " takes with filtrates of Rous tumours had led 
some to doubt whether a virus was conccnicd. Baker and Mclntosli 
(1927) thought that the variation might be due to the physical .state 
of the material to be filtered. They therefore tried tryptic digestion. 
It was found that trj-psin at an acid reaction much increased the 
infectivity of filtrates, but at an alkaline reaction infectivity was 
reduced. On the other hand without trjqisin an acid reaction was 
destructive and an alkaline not. Tn-psin inactivated by heat had no 
action. The nature of the acid-trypsin effect was not discovered 
but the present uTiter is informed that the phenomena were probably 
due to the HCjST used as a preservative for the tr3-psin. 

!JiIcIntosb then turned to tar tumours in fowls. He was probablj' 
the first to show that tar tumours of a sarcomatous type were filterable, 
i.e. that cell-free filtrates of tar-induced tumours could produce similar 
tumours in series. Tims, tar tumours were in every way comparable 
with the Rous sarcoma and must equally be assumed to have a virus 
causation. It must be stated, however, that during his life the 
production of tumours by filtrates of tar tumours was not confirmed. 
Nevertheless, the present writer is informed that recent work seems 
likely to develop results which would have gained ilclntosh’s full 
approbation. Jlclntosh was at least able to show that the agents of 
Rous and tar sarcomata were particulate, since they could be removed 
from a suspension by centrifugation at 40,000-60,000 r.p.m., which 
treatment also deposited bacterial viruses. These general results 
were confirmed later with Selbie, Some tumours formed in fowls 
by tar derivatives are filterable, others are not, but can be propagated 
from suspensions. Trypsin has already been mentioned as capable 
of increasing the activity of filtrates of Rous sarcoma. The same 
was foimd with tar tumours, though there was some variation. In 
general, it seemed that the action of trypsin was proteoljriic. (See, 
however, the previous remark on HCK.) 

Chemotherapy 

Work with atoxyl, salvarsan, sulpha drugs, penicillin and other 
agents interested ilclntosh at various stages throughout his career. 
His second paper, in 1907, had to do with atoxyl, his last, in 1946, 
vith penicillin. 

An mteresting paper with Levaditi in 1910 shows the beginnings 
ot id^s which even to-day are not generally recognised. They 
escribed the fluctuation in the trypanosome content in the blood 
ot rats infected ^th nagana. After the “ crisis ”, the blood of these 
ammals neb ^ tiy-panolj-tic antibodies working both in vivo and 
n VI ro. en a relapse takes place the trypanosomes are resistant 
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to these antibodies. They showed by experiments in vitro that this 
was not a question of an alteration in the trypanosomes induced by 
the antibodies, but of a selection of trypanosomes which were naturally 
immune. 

Curiously enough, many years later (1943) when worldng on the 
resistance of Staphylococcus to drugs, McIntosh used his method 
with Levaditi but described the “ principle (as) being to train organisms 
step by step to survive increasing concentrations of the drug.” His 
earlier idea would probably be preferred at the present day. 

During the second German war the work of Morey at Oxford 
and his own work with Whitby naturally led McIntosh to continue, 
with collaborators, clinical tests of sulpha drugs and penicillin, and he 
also studied various flavines. All these papers were of great practical 
interest. 

Miscellaneous 

In the course of his career McIntosh touched on a number of other 
subjects. His fu’st paper was on tuberculosis, and, with colleagues, 
he made an examination of dental caries. A lactic acid bacillus was 
isolated and given generic status under the name B. odontolyticus 
acidophilus with the implication that this organism is concerned 
specifically with the production of dental caries. This claim has 
not received general acceptance. 


War bacteriology 

McIntosh’s career was affected bj'- both German wars. In the 
first he became involved in more or less routine matters such as the 
preoccupation with meningococcus carriers. He was, however, able 
to break new ground among the ans^robes. A modification of the 
idea of Laidlaw produced the “ McIntosh and Fildes jar ” which has 
since become in various forms a piece of standard equipment. It is 
difficult to realise that in those da 5 m a pure culture of many anaerobes 
was the exception and McIntosh’s Medical Research Council report 
on the classification of anaerobes (1917) was of great importance. 

On the outbreak of the first war it was found that the failure of 
German supplies made it necessary for British bacteriologists to 
think for themselves. Great activity was centred on culture media 
and McIntosh became interested in the estimation of pH in place of 
titratable acidity. This work was followed up by the Pathological 
Committee of the Medical Research Council. A further and more 
elaborate paper on the same subject appeared in the first issue of the 
British Journal of Experimental Pathology in 1920. 

The second war found him head of his Institute and involved in 
much administration. Nevertheless, with rvilling helpers he continued 
to produce a number of papers on anserobes, chemotherapjr and 
allied subjects from his temporary'- war station- 
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W. F. Habvey died in Edinburgh on 11th September 1948, at the 
age of 76. Although he had retired in 1946 from his official position 
in the laboratory of the Roj^^al College of Physicians, he stUl frequented 
his old haunts and was always eager to discuss pathological problems, 
especially of tumour growth or hsematology, until a month or two 
before the end, when decreasing strength inhibited his movements 
but not his enthusiasm or geniality. 

His life’s work falls naturally into two periods, the first in India, 
the second in Edinburgh. Throughout it was characterised by ability, 
enthusiasm, perseverance, and a kindly regard for his feUow men, 
for no one who knew Harvey could fail to be attracted by him, while 
to work with him was to love him. 

His father was Principal of the Maharajah’s College, Travandrum, 
Travancore, India, where Harvey was born, but he came home for 
his education, first at Dollar Academy and then at Edinburgh 
University, where he graduated in medicine with first class honours 
in 1897. He was house physician to Professor Greenfield in the winter 
of 1897-98, and possibly that association may have inclined his mind 
to the study of pathology, for, after entering the Indian Medical 
Service in 1899, he soon interested himself in the A’^arious problems 
clamouring for research. Early in his service he met Almroth Wright, 
who was then at Netley, and later, while on leave, he worked in 
Wright s laboratory at St Mary’s. The infiuence of that contact 
may be traced in the many improvements which Harvey, noAA'' in 1902 
Deputy Sanitary Commissioner in the Punjab, made in the manufacture 
and distribution of vaccine l5rmph and in the introduction of 
glycerinated calf lymph into that ProAunce. This was a time of great 
scientific advance in the Indian Medical SerAdce, and Harvey was 
prominent in that company of distinguished research workers which 
included such men as Bannerman, Semple, Lamb, Christophers, 
Glen Liston, S. P. James and A. G. McKendrick. He was amongst 
the first group of officers to join the Indian Medical Research Depart- 
ment, being appointed assistant director of the Pasteur Institute of 
India. In 1905 he succeeded Lamb as director, McKendrick became 
his assistant and they worked together on the prevention of rabies. 
McKendrick became his fife-long friend, and their association was 
reneAved again in Edinburgh when McKendrick became Superintendent 
of the Royal College of Physicians’ laboratory, Avith HarA-ey as 
histologist. 

In 1910 he married Mss Jean Sutherland. They had two cliildren, 
a son, who is also in the medical profession, and a daughter. 
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In 1911 Harvey was appointed director of the Central Kopcarch 
Institute at Kasanli, where he and his colleagues hccame immersed 
in bacteriological and innnnnological problems. His list of piihlications 
during this period shows both the variety <»f his work and the energj* 
which he put into it; many papem were puhlislied in the /ndmn 
Journal of Medical Hc.'icarch, of which lie was the first editor wlien 
it was founded in 1913. Tlie 191-t-lS war broke into liis rescnrcli work, 
for in 1916 he was recalled for military .service and .sent to Mc.sojiotamia 
as an A.D.^M.S. (Sanitation). For his organi.sing work there lie was 
mentioned in despatches. An attack of paratyphoid fever resulted in 
his being invalided to India, later to return to his post at Kasanli 
where he worked until he retired from the Indian rtlcdical Service 
in 1925 with the rank of Lieut .-Colonel. For his work in India he 
received the C.I.E. in 1921. 

For Han*ey to retire meant merely a change of scene and work, 
and he returned to settle in Edinburgh and to succeed James W. 
Dawson, in 1927, as histopathologist to the laboratory' of the Royal 
College of Physicians. So began the second period of his professional 
career. In his new work he displayed the same energy and thorough- 
ness that had marked his work in India. It was of a different type, 
uith different problems, but Han'ey mastered the difficulties and 
enriched the literature of his subject by Ins many' additions. The 
histology' of tumours intrigued him, and he began to build up his 
collection of tumours, carefully indexed and documented, which has 
been of the greatest help to all interested in this subject. It was his 
carefully tended child which had grown to the lusty' manhood of 
over 20,000 specimens before he retired. Much of his work on this 
subject was published in collaboration with ^Irs E. K. Dawson and 
J . R. M. Innes in the “ Debatable Tumours ” series of papers. For 
20 years he laboured happily in his little, low room in the laboratory, 
always pleased to greet a colleague or an interested visitor, always 
willing to give useful advice or help in a problem. Hot only did his 
work take form in many papers, it also brought him the Lister and 
Freeland-Barbour Fellowships and, in 1946, the Cullen prize of the 
Royal College of Physicians of Edinburgh, in which year he also 
became a Vice-President of the Royal Society of Edinburgh. During 
the second world war, he had heavy routine reporting duties in the 
laboratory, and for a time he acted as superintendent after A. G. 
McKendnek’s death. 1946 saw his official retirement but he still 
continued working and writing, breed from a routine that had become 
a task, heavy, but faithftilly performed. 

The list of his publications, by himself or in collaboration, gives 
some measure of the energy and industry of the man, but he had 
many other interests. He was essentially a sociable man, a keen 
tenms player m his earlier years, and a delightful colleague always. 
^ CTi icisms, if offered at aU, were kindly, bearing no malice. To 
dilier trom bnn left no rancour, rather it cemented a liking and a 
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friendship. He was quiet, shy indeed, tending to efface himself and 
to hehttle his own efforts, but to those privileged to know him he 
opened his heart and his mind freely, always with a leavening of 
quiet humour. 

Here is what one of his collaborators, J. R. M. limes, now in 
America, says of him : — “ This is a humble tribute from a veterinarian 
who, as a budding pathologist, was made cordially welcome by, and 
ever after had a high admiration for the man that was Col. W. F. 
Harvey. My association with him dates back to 1927 ; in those days 
it was hard to find workers, medical or veterinary, who had any 
interest at all in veterinary pathology ; it was thus a dehghtful 
experience when I first met Col. Harvey and the late Tom Hamilton. 
This initial contact was the beginning of an association which lasted 
for the next 15 years, with frequent visits, periods of work and study, 
and a voluminous correspondence. As the years passed, my respect 
for him fiourished beyond what mere words can express. I knew 
that Col. Harvey came to retirement in Edinburgh, having made a 
reputation in the Indian Medical Service which would, during a 
working life, have satisfied most men. It was t 3 rpical of him that 
he succeeded, in the remainder of his days, in estabhshing yet another 
reputation in the field of morbid anatomy, particularly the pathology 
of tumours. I cannot forget his never-failing Idndness and his 
sympathy for young workers like myself, and on occasion he would 
go to endless trouble to help by seeking out literature, information 
and slides. 

“ I cannot recall an incident when he ever said a condemnatory 
word of any man or his work, and I stiU recall a little lecture which 
he gave me about the avoidance of polemics in writing scientific 
articles. 

“ Someone has mentioned how he learnt to read Dutch late in 
life, but he was also conversant with German and French, and he 
astounded me by his wide knowledge of the works of German 
pathologists of bygone years. His industry, therefore, was yet another 
feature which left a deep impression. 

“ With the passage of years, much animal material was sent to his 
laboratory to be examined and reported on in his own handwriting. 
All who have visited that laboratory know the colossal amount of 
effort that was put into laboriously recording and cross indexing 
data in anyway relating to the pathology of tumours, and he spent 
just as much time over animal as over human pathological material.” 

The words of Marcus Aurelius, used about the philosopher Sextus, 
might form a fitting epitaph for Harvey : — 

, . . He let me see in himself that a man might show good-will . . . , 
without noise and display, and likewise possess great knowledge without vanity 
or ostentation.” 

A. M. Deennan 
E. K. Dawson 
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xlviii, 713-730. 

1942 

Edith K. Dawson and W. F. Har-vey. Macro- and micro-diagnosis of cancer. 
A laboratory survey of routine mammary lesions. Edinb. Med. J., 1942, 
xlix, 401-408. 

Review of irradiation effect on cells and tissues of the skin. Edinb. Med. J., 
1942, xlix, 629-552. 

1945 

Diagnosis and description of cancer. Edinb. Med. J., 1945, Hi, 181-189. 

1948 

Argimient on neural tumours and their allies. Edinb. Med. J„ 1948, Iv, 1-16, 
412-422 and 612-628. 



OISITUAIiY 


no7 


11*1nnc\) 6\vcn^ol\^n Sbubih 

1915-1948 

Dr ;is\-sCY G^VE^-D 0 LYX SurRiK («<fr Rogp.rs) died suddenly on 
20th September 1918. The daughter of Mr and Mrs 1'. S. Rogers 
of Neu-port, Monmouthshire, she entered the M'elsh National School 
of Medicine in 1035, taking the Conjoint Diploma in 1030 and the 
D.P.H. in 1041. After two j-cars in clinical and public licalth work 
she took up the post of demonstrator in pathology at Cardiff, and it 
was immediately evident that she had found her right sphere. She 
worked with great energy and was veiy successful in running a clinical 
patholog}' laboratorj- at Llandough Hospital. Indeed her conduct of 
this new and responsible post contributed in no small measure to the 
successful collaboration of this important municipal hospital with the 
Welsh National School of Medicine, She was, however, more interested 
in the academic side and in 1044 she was appointed junior lecturer 
in pathology at the British Postgraduate Medical School . She remained 
there until 1045 when she joined the Indian Medical Service, in which 
also she did excellent work. On returning to England in 1947 she 
again took up laboratory work and was engaged in neuro-pathologj^ 
in Professor Hugh Cairns's department at Oxford at the time of her 
death. 

Throughout her career she was a most enthusiastic worker, with 
a great determination to seek the exact answers to the problems 
which she encountered in her work. She certainly under-estimated 
her own intelligence, while over-estimating the goodness in others, 
with the result that she alone was dissatisfied with her own accomplish- 
ments. She was keen on research and in collaboration with Professor 
E. J. King published papers in this Journal on the effect of olivine 
on the lungs of rats (1945, Ivii, 488), on attempts to prevent silicosis 
with alumimum (1945, Ivii, 281) and on a comparison of the effects 
of Itevo-rotatory and dextro-rotatory quartz on the lungs of rats 
(1945, Ivii, 491). She regularly attended the meetings of our Society, 
of which she had been a member since 1946, and many members will 
sadly miss her gracious presence. Jethro Gough. 


3o5cf f[n\{5 

1903-1949 

Dr came to this country in 1946, when he was still serving in 

Medical Corps of General Anders’s Army. His purpose was clear, 
lie wanted to pursue the kind of research in which he had been 
occupie ^ Poland before the war. In April 1947 he was appointed 
a research fellow in the Department of Experimental Pathology and 
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Cancer Research in the University of Leeds and he remained there 
until his death. 

Josef Flaks was bom in Flock, Poland, in 1903. He first trained 
as a veterinary surgeon at Warsaw University, obtaining his degree 
in 1927. Even as a student he began to work in the department of 
histology and embryology, but after graduation he was called to 
military service for a period of two years. In 1929 he returned to 
the department and embarked on the medical course, which he 
completed in 1935. During this period he became interested in the 
problem of cancer and undertook a considerable volume of experi- 
mental work along with his normal studies. He achieved the title 
of Doctor of Medicine of Warsaw University in 1938 by presentation 
of a thesis ; “ L’hypothese du virus dans les tumeurs transplantables . 

Some of his early experiments were concerned with the influence 
of endocrine glands on the rate of growth of tumours. By trans- 
planting the Jensen rat sarcoma into endocrine and other organs he 
observed the influence of a hormonal environment on malignant 
cells and established the accelerating influence of the thyroid and the 
inhibiting influence of the adrenals. The effect of intramuscular 
transplantation of the Jensen tumour into rat sucklings was next 
observed, and its capacity to metastasise to the regional lymph nodes 
in young animals was suggested as a means of obtaining suitable 
material for therapeutic experiments, since its growth in the lymph 
nodes was found to be unusually regular. Further experiments showed 
that the lungs of tumour-bearing rats were able to transmit tumours 
at a stage when there was still no sign of macroscopic metastasis. 
This was an interesting observation in relation to the long latent 
period (often many years) sometimes observed in the human subject 
between the excision of a primary tumour and the appearance of 
metastases. As the sex hormones became better understood, Flaks 
tested their various effects on transplanted and induced tumours 
and it was to this aspect of the problem that he returned when he 
began work in England in 1947. 

In 1939 came a period of complete disruption of his research 
activities when Flaks was mobilised in the Pohsh Army. Wounded 
and taken prisoner by the Germans, he later escaped to Lwow, then 
in Russian occupation. Here he worked as a pathologist in the 
University until the outbreak of war with Germany in 1941. He was 
then sent by the Russians to Siberia as pathologist to a Russian 
hospital, but after the Pohsh-Russian agreement of 1942, he rejoined 
the Polish forces, this time in Russia. Later he was sent to Iraq, 
Egypt, Italy and finally England, taking charge of pathological 
laboratories in aU these countries. It is sad to think that a man of 
such innate modesty and humility should have had to experience 
the perils and vicissitudes of total war as he knew it. 

Flaks’s interests in the post-war period were again in the field 
of endocrinology in relation to tumour induction. He had many 
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irons in the fii-p, bni much of his lime wns devoted to studying tl\e 
inhibiting action of testosterone on normal and malignant tissues. 
The investigation proved to bo tedious and oven inconclusive, but 
this uas the kind of problem which Tlaks liked and lie Irnd many 
ideas about the next step to take, which he hoped would put the 
matter beyond all doubt. To rvatch him at work was an education. 
Both his technical methods and his .sy.stcm of recording were of a 
very high order. A most careful observer, he missed nothing through 
failing to look for it. It is tragic that by his sudden death he was 
debarred from handing on to a pupil his enthusiasm, his extensive 
knowledge and his experience in research methods. 

He was elected a member of our Society as recently as July 1948. 

Gkorgiaxa Jl. Boxser. 


J. rilH. UAcr.— TOL. JSI 
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Kr ob sm ot nstns on 

Bv Ha>*s E. W/Vi.Tnnn. 10 IS. Bn=cl : Benno Sclnvnbo Co. Bp. 500 : 
293 text figs. SwKs fr. 00 

Tho basis of this book is n detailed statistical analysis of the records 
of 3433 cancer necropsies performed at the Zurich Pathological Institntc 
between 1021 and 1041. Tho vrritcr did not perform these necropsies 
himself; indeed, ho is not a pathologist, but a radiologist who is interested 
in the dissemination of tumours. ^ 

Tlie book consists of two parts, a general and a special. Tho finst 
discusses the nature of malignancy, the routes of direct spread and 
metastasis, the factors determining the selection of metastatic sites, and 
diagnostic errors caused by metastatic tumours. A main theme of this 
part is that metastasis by the blood stream takes place by four difTcront 
routes : (1) from tho lungs via the arterial blood stream, (2) from tho liver 
to the limgs, (3) from invaded systemic veins to the lungs and (4) from 
invaded portal veins to tho liver. In tho second part of tho work tho 
tabular analyses of the Zurich necropsy records are designed to show how 
these modes of metastasis apply to tho various groups of primarj' tumours. 
These analyses are presented in 173 tables, many of them full-page, which 
thus occupy a large part of the book. 

As a careful, detailed and well illustrated study of tho distribution 
of metastatic tumours recorded in tho Zurich material, tho book can be 
wholeheartedly recommended ; it also presents the well-lvnown facts 
about the spread of tumours in a clear and graphic way. But pathologists 
will not find in it a great deal that is new, and they will question the validity 
of some of its analyses. In particular, no evidence is given to convince 
the reader of the correctness of the diagnosis in the 19 cases of “ primary 
carcinoma ” of the pleura (table 90), of the 12 cases of “ Ewing-sarcoma ” 
of bone, also called “ sarcoma reticulocellulare myeloplasticum ” (table 61), 
or of the cases of “ carcino-sarcoma ” described on pages 171-lSl. Further, 
the complicated histological subdivisions of the main species of tumorus 
(for example, 15 types of carcinoma and 7 types of sarcoma of the breast 
in table 150) must surely be very arbitrary. In brief, the work suffers 
from the same difficulties as all retrospective analyses of other people’s 
records — ^the difficulties of arbitrariness of nomenclature and detailed 
subdivision, and of doubts as to the diagnosis of unusual tumours unless 
clear evidence is presented of their correctness. 

Of the 293 illustrations, about two-thirds are gross or microscopic 
photographs of the Zurich material, most of them clear and instructive. 
The remainder are diagrams. X-ray pictures and drawings of normal 
anatomy. An unnecessarily large amount of space is given in the text to 
accounts of the normal anatomy of each organ considered. References, 
of which there are many, are given in blocks at the end of sections and 
Mbsections of the text. The selection from the Continental and American 
literature is good hut this is not always the case as regards British papers, 
mportant articles germane to the author’s subject often being omitted. 

or example, Stewart’s and Cappell’s important papers on chordoma and 
I. EACI.— TOL. LSI 3U TT p 
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Dukes’s work on carcinoma of the intestines are overlooked. The 
book is beautifully produced and misprints are infrequent, but table 79 is 
incomplete. 

Studies in air hygiene 

By R. B. Boubdillon, O. M. Lidwbll and J. B. Lo\'elock, with 10 
collaborators. 1948. Medical Research Council Special Report Series 
no. 262. London ; H.M. Stationery Office. Pp. iv and 366 ; 104 text 
figs, and 33 plates. 7s. 6d. 

“ Studies in air hygiene ” is a work ■which must be studied and used for 
reference by every epidemiologist and bacteriologist who is concerned 
with the spread and control of infectious disease. It is packed ■with useful 
information and first-class photographs and drawings which, as well as 
being valuable in themselves, are useful for teaching the principles of 
aerial transmission of infection. 

One cannot do better than quote from the preface. “ . . . this Report 
must be accepted as a landmark in the study of air hygiene ; for not only 
have various practical methods of air disinfection been assessed and 
compared but the one fundamental prerequisite to any satisfactory work 
on the subject — a reliable and easy technique for the quantitative estimation 
of the bacterial contamination of air — ^lias been attained. Methods of air 
sampling have been developed which permit accurate determinations of 
the number of particles carrying viable bacteria present per unit volume 
of air and the minute by minute recording of their numerical fluctuation ; 
so that it is now possible to follow the variations in bacterial content before, 
during, and after the use of a disinfectant. 

“ The observations and experiments described in the Report fall 
conveniently into foiu main groups. In the first there are detailed acooimts 
of the various instruments developed for sampling air, followed by an 
experimental and theoretical examination of the factors that may influence 
their efficiency. The second group is concerned with practical methods of 
air disinfection : chemicals, ultraviolet radiation, heat, and filtration. 
Attention may be directed in particular to the discovery of the value of 
the aliphatic a-hydroxy-carboxylic acids and to the promising experiments 
to achieve effective destruction of bacteria dispersed in air by the simple 
exposure at room temperature of a surface coated -with disinfectant. 
Thirdly, field studies were organised to measure levels of bacterial con- 
tamination of air in operating theatres, dwelling houses, factories, air-raid 
shelters, and in warships under active service conditions. Lastly a few 
animal experiments on the transmission of airborne infections are described. 
The Report ends with a critical evaluation of the different methods of air 
disinfection that are now available.” 

Experimental air-borne infection 

By Theodob Rosebuby. 1947. Baltimore : The Williams and Wilkins 
Co. (London agents Bailliere, Tindall and Cox). Pp. xi and 222 ; 45 text 
figs. 22s. 

This monograph, the first of a new series to be published by the Society 
of American Bacteriologists, presents the results of a co-operative war-time 
investigation at Camp Detrick, Maryland. Equipment was devised which 
permits infection of animals ■with air-borne clouds of highly infective 
agents while ensiuing the safety of the operators. Section i of the report 
describes the history and scope of the project and briefly reviews pre-wous 
■work. Section ii gives details of the furnishing and working of a laboratory 
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in whioh infective clouds cenUl l>o Renemtod nnd nniim!‘i intrn.IticfHl info 
the cloud, innintaincl, remove.!, nutopMcl niul dixpo-ed of. nil m a com- 
pletely clo'=ed xy^tein. In >-oction iii then' i*? a ‘-urvey of tyiVM of atnmi'-er, 
nnd cvperimental re-uUs arc piven which support the choice of un nll-plaR^ 
diroct-Ppmy instrument for this invest iRntion. Scctioji iv pre-enfs basic 
data such rus the methods of s-unplinc nirhome clouds into fluid inrslia nnd 
theoretical considerations of cloud <lovo!opmcnt nnd particle sire. 'Hio 
selection of mc^lw for clond-sampUnp, and the ntlnencc of humidity, 
temperature and other conditions on tho stnhtlity of clouds <lurinp 
atomisation are disctisscd in the last sootion, uliich also desrribes o\pori- 
mcntal infections. PastcurcUn (ulnrrnxi<< nnd .Ifofb’oinj/cc.s p'^nniomnUn 
(Aniitmore's bacillus) produce! a hicher rate of infection and death than 
other bacteria nse<l. Experiments wore nKo carried out with tho viruses 
of psittacosis and mcningo-pneumonitis. S<imo of tho neents were ilest royed 
in \'arying degrees by atomis,itiou, thouRh tho reasons for this are not 
clear. The purpose of tho investigation \vn.s to elicit reproducible 
quantitative data on infection by the inhalation route nnd, in the main, 
this aim was nchiovcd. In some respects tho book is complcmontarj* to 
the recently piiblishe<l Medical Research Council's “ Studies in air 
hvgicne” (uidc supra) but it will chiefly interest tho-o concomcKl irith 
experimental cpidemiologj'. 

Fourth. International Congress ior Microbiology, 19-17 : Report o£ 
Proceedings 

1949. Copenliagen. : Rosenkilde nnd Bagger. Pp. C49. 

The work of the Congress is reported in nine sections, namely general 
microbiology, medical and veterinarj' bacteriologj*, viruses nnd viral 
diseases, serolog}- and immunologj', variation nnd mutation in micro- 
organisms, plant pathologj' and mycologj*, soil and water microbiologj*, 
dairy and food microbiologj-, and 'mdustrial microbiology. Besides the 
summarised account of the papers given to the Congress there are full 
texts of the four communications which were given at the general sessions : 
“ Heterotrophic assimilation of carbon dioxide ” by C. H. AVerkrnan, 
“ Some impheations and limitations of plant viruses ” by F. C. Bawden, 
“ Antibiotics and life ” by S. A. AVaksman, and “ Yeast in modem genetics ” 
by D. AA inge. This volume is indispensable to all serious workers in 
bacteriology. 


Applied medical bacteriology 

By AIax S. ^lARSHAii, -with 4 collaborators. 1947. London : Henry 
Hampton. Pp, 340 ; 10 text figs. 22s. 6d. 

This IS a new volume on clinical bacteriology and is much more 
satisfactory than some that have been published in this field. Tlie authors 
have kept well to the Imes they laid down for themselves. Tliey set out 
to sa%-e “ apphed medical bacteriology ” from one of two undesirable fates ; 
they wished to avoid its bemg imduly compressed, as in the usual text-book 
which attempts to cover the whole field of clinical pathology-, mcluding 
hiematology, bactenologj-, liistologj- and biochemistr}- ; they also wished 
o ensure that they would not produce simply another test-book of 
bactenologj- with all the laboratory jargon wliich alienates clinicians, 
itooughout they have been successM m their efforts to produce a book 
wnich ^ves real guidance to those in cHivrge of patients about the help 
tlia iaboratoiy- can give them. Tlie detafled instructions about taking 
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and submitting samples are excellent. The methods advised for use in 
the laboratory are somid and reliable and the book may safely be recom- 
mended for those who have to work on their own. 

Pathology and surgery of thyroid disease 

By Joseph L. DeCoueoy and CoRNBUUS B. DECotTECY. 1949. Springfield, 
111. : Charles C. Thomas. Pp. xviii and 476 ; 120 text figs. (4 in colour) 
and frontispiece (in colour). 60s. 

This book sets out the experience of many years’ work in a well-knomi 
thyroid clinic in Cincinnati : it gives a wide survey of the literature, with 
a weU-balanced and unbiased judgment on controversial issues. Naturally 
there is an inclination towards surgical considerations, but there are ako 
helpful discussions on the embryology, histology and pathology of the thyroid. 
Physiological and general therapeutic aspects are adequately dealt with, 
including the use of anti-thyroid drugs and radioactive isotopes of iodine. 
The detailed instruction on the surgical aspects of treatment include both 
pre- and post-operative care, and there is an interesting chapter on 
thyroiditis, of which the authors have had considerable experience. 

The book is beautifully produced, with numerous diagrams and plates, 
some of them in colom, and the print is clear and free from typographical 
errors. A comprehensive bibliography is provided for each chapter. The 
book can be recommended as an important contribution of particular 
value to surgeons interested in th 5 rroid disease. 

Bronchiogenic carcinoma and adenoma 

By B. M. Fried. 1948. London ; BaUliere, Tindall and Cox. Pp- 
and 306 ; 184 text figs. 33s. 

The diagnosis of malignant disease in the thorax can no longer be 
regarded simply as a feat of diagnostic g 5 Tnnastics, for to-day the removal 
of a lung affected by cancer may be a feasible and relatively safe surgical 
procedure. The object of this book is to assist in the identification of the 
disease in its incipient stages, a tardy diagnosis being regarded by the author 
as the chief obstacle to successful treatment. Thus approximately one-half 
is devoted to pathological aspects of the subject— incidence, morbid 
anatomy, histogenesis and mtiology — and the remainder to clinical 
manifestations, laboratory methods of diagnosis and treatment. 

The first chapter is concerned with the much-discussed question as to 
whether there has been a real increase in the incidence of intra-thoracic 
cancer during tins century and especially since the first world war. It 
would be impossible to marshall all the evidence in a book of this size, 
and the bias is natmally towards American statistics. The author states 
clearly, however, that in his view the observed increase is more apparent 
than real. 

In discussing histogenesis, all lung cancers are relegated to an origin 
from bronchial epithelium and, indeed, in the author’s view, from the 
basal layer. Origin from cells lining the alveoli and from mucous glands 
is not admitted. The microscopical classification adopted is unusual, all 
types except adenocarcinomas (simple, papillary and mucoceUular) and 
roimd cell tumours being classed as squamous-cell cancers. The latter 
thus include the oat-cell tumours and constitute 73 per cent, of all cases. 
As oat-cell areas can always be found in the kind of round-cell tumour 
illustrated (fig. 22), the incidence of squamous cancer when this classification 
is used would be even higher. Adenocarcinoma is noted as occurring 
five times more frequently in women than in men, and as displaying more 
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mnlicnnnt tcndewlc^ U^m^ other v.mctle^ .v. ^hown by the clinirnt rmii>n 
ftmrtbo clWvlbvitioi\ of The iihofoniK-ro^'rnpIi^ nro not 

imprc«?=iivo. ^ . 

Tlio clmptcr on teliolopj- touches on every nspeet of ennrer revenreh 

find leaves the render little n-i=or ns to the cnu=o of hunt enneer. Jlio Inel: 
of tctiolopicnl association between lutip enneer and tuhcreiilosis, tnmiiR 
of the roads, tobacco, pilicosis, influenrn, vinnes nnd trauma nnd its probable 
association with chromates, nsbcxtoa and radon emanations (the latter 
in the Pehnoeberg miners) are accepted. _ . • i 

There is an interesting chapter on metastasis, attention being drawn 
to the high incidence of bone metastnses from lung cancer in the author’s 
series. 

Following a good description of the clinical manifestations of the 
disease, laboratory diagnosis liy me.ans of X-rays, bronchoscopy, aspiration 
biopsy, and tho microscopic examination of the pleural exudate, sputum 
and bronchial secretions is discussetl and there is a short section on 
treatment. 

A chapter is rcseix’crl for bronchial adenoma, origin from both bronchial 
mucous glands and from the basal cells of the bronchial epithelium being 
accepted. Tliis tumour is differentiated from bronchial carcinoma by its 
symptoms and physical signs, bj’ its appearance on bronchoscopy and by 
its histological structure. Tho accompanying illustrations arc of a high 
order. Mediastinal tumours are also briefly considered. 

To each chapter is appended an extensive bibliographj*, in which, 
regrettably, there are many errors. 

Tliis book falls between two stools — it is not sufRciontly detailed for 
the pathologist or those experienced in cancer research and it is hardly 
hkelj' to satisfy tho chest physician or thoracic surgeon. One of its chief 
values lies in the unequivocal manner in which tho author expresses his 
own opinions, formed from vast experience, on controversial aspects of 
the subject. 


Pathology oI the nervous system 

By J. Hexby Biggaht, 2nd ed., 1949. Edinburgh: E. & S. Livingstone. 
Pp. sii and 352 ; 233 text figs, and 10 plates in colour. 21s. 

In the second edition of tliis excellent little manual the subject-matter 
has been very skilfully brought up to date without much expansion of the 
text ; the main additions are a number of excellent half-tone illustrations 
and 10 photomicrographs in colour. The author, in his revision, has profited 
from criticisms of earlier reviewers and this new edition should prove even 
more widely acceptable than the first. Nevertheless it is doubtful whether 
many wilt agree that cerebral hoamorrhage is much more uncommon than 
thrombosis (p. 64) or that brain abscesses usually rupture into the ventricles 
(p. 90) -, and if there were in fact no stroma in medullo-blastomas (p. 290), 
Would not all the tumour tissue be washed away by the cerebro-spinal 
fluid t The important question of the routes followed by pyogenic infections 
invading the intracranial tissues is treated somewhat cursorily and the 
diagram from Turner and Reynolds, reprmted on too small a scale on 
p. SS, is a poor substitute for an adequate verbal summary of their admirable 
work. The book is written m a simple, clear and easy style that earns one’s 
gratitude, but it sometimes conveys an impression of undue dogmatism 
^^ch could be mitigated by a more generous citation of authorities, with 
the dates of their contributions. Another minor defect is the occasional 
U5n of ~ithout regard to their accepted meaning ; “ anoxmmia”. 



316 


BOOKS RECEIVED 


for example, is repeatedly employed to denote the tissue anoxia ■which 
resiilts from ■vascular obstruction. Nevertheless this is a book that we can 
read ■with profit and recommend to our students ■without reserve. 

Tumors o£ bone 

By Chahles F. Geschickteb and MtrRBA'ir M. Copeland. 3rd ed., 1949. 
Philadelphia, London, Montreal ; J. B. Lippincott Co, Pp. xviii and 810 , 
642 text figs. 817.50. 

Tins large book has the merits and demerits of previous editions. Its 
merits are that it is based on a large and comprehensive coUeotion o 
material, that this is profusely illustrated in radiographs and gross an 
microscopical photographs, and that it is beautifully produced. ^ But as 
a work on pathology it is disappointing ; many of the conclusions are 
rmcritical and insecure, and there are many omissions and contradictions. 
Thus of osteochondromas it is stated that “ these tumors are an exaggeration 
of normal bony protuberance intended for the anchoring of an important 
tendon ” (the wording is the authors’) ; of the origin of multiple exostoses, 
“ tags of perichondrium in the tendon ends proliferate to form cartilaginous 
and bony outgrowths ” ; “ most of the chondromas and chondromyxomas 
represent histogenetieally supernumerary joint cartilages ” : “ usually, 


the single bone cyst is ... an arrested giant-ceU tumor 


” ; and of 


metastatic carcinomas in bone marrow, “ in the majority of them^ Bence- 
Jones bodies have been demonstrated ”. The authors persist in their 
belief that osteoclastoma is an epiphysial tumour and that giant-ceU tumours 
of tendon sheaths arise in sesamoid bones. They say that “ three cases 
of adamantinoma of the lower tibia have been reported ” (the actual number 
is nearer 20), and they deny the existence of solitary plasmooytoma of 
bone, accordingly omitting all references to the many papers on this 
subject. Of the contradictions in different parts of the text, those con- 
cerning neuroblastoma and E-wing’s tumour are the worst. Thus on p. 621 
we are told that neuroblastoma occurs “ in children under the age of five 
years”, and on p. 728 that of 12 cases of this disease in which metastases 
were present in the spine “ the average age of onset was 33 years, the 
extremes of age being 16 and 66 years”, and that the authors are aware 
of many other recorded cases in adults. Then, on p. 424, “ the age distribu- 
tion (of E-wing’s tumour) is against metastatic neiuoblastoma ” ; yet, on 
the previous page, this tumour occurs in “ 95 per cent, of cases in persoi^ 
imder 26 years of age”. Incidentally, fig. 294, “ sho-wing the characteristic 
cell of Ewing’s sarcoma”, is a particularly bad one and shows nothing 
characteristic of anything. 

For a special work of this kind there are some serious omissions. It 
contains nothing about the comparative pathology or experimental 
production of bone tumours, and next to nothing about their causation in 
man. The section on endocrine disturbances is so slight and incomplete 
that it had better have been omitted. In the 65 pages on metastatic 
tumours in bone, neither WUlis’s nor Walther’s books on metastasis are 
mentioned ; and, although the reference lists are long, many essential 
papers on particular subjects, especially British, are missing. The 
magnification of none of the photomicrographs is stated, and there is 
much needless repetition of figures. Thus fig. 431, which -with its verbose 
legend occupies three-quarters of a page, is the Jourth appearance of fig. 7* 
and figs. 73 and 74a are not only repetitions of llo but actually appear 
on facing pages. The length of many of the tables is out of proportion 
to the amoimt of useful information they contain, and some of them, 
c.g. 69, have very little meaning. The index is unreliable ; e.g. neuro- 
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w in<loKc<l for ot^o f.nly. nn.I syinpntluooBlnMonm not nt 

all nlthough both orrur froquontly in tho loNf ; otni Olli.-r « nppcnr^ 

in the index but not in the text. Misprint are nndnly ntnneroiw. 


DiaBnostic bnctoriology 

Bv Is«iKiA-Tt Ginur-nT Scn.vttn and M. KATiu.r.r.x Fot.r.Y. Snl cd., 1017. 
London : Henry Kiinplon. Pp. 332. 22^. Gd. 

Tins edition of “ Methods for <lin^ostic bacteriology ” has a new title 
and now includes theoretical discussion of the techniques <lescribed. As 
in prc\-iou« editions emphasis is plncc<l on hospital baetcriologj- and explicit 
instructions are given for isolating pathogens from clinical anti autopsy 
material. The chapter on the recognition of bacteria by tlicir colonial 
characters is useful, but the presentation is ncodlcs.sly diffuse ami relevant 
information on any one organism must be sought in different parts of the 
book. In the section dealing with serological diagnosis there is unnecessary' 
repetition in describing the typing of pneumococci isolntc<l from different 
sources and, while the serological types of Friedlander’.s bacillus arc included, 
the value of the Vi- test for detecting typhoid carriers is not mentioned. 
In the final section, formulaj for various hacteriological media and atain-S 
are given, together with descriptions of such tests ns the oxidase reaction 
for the gonococcus and the ferric chloride method for detecting hydrolysis 
of sodium hippurnte. This hook is intended for students and trainee 
teclinicians but it seems unlikely that it will bo widely used in tliLs country. 


Hygiene 

By J. R. Currie and A. G. Mearx.s. 3rd ed., 1948. Edinburgh : E. & S. 
Livingstone, Ltd. Pp. xx and 724 ; 212 text figs. (21 in colour) and 
4 colour plates. 35s. 

“ Hygiene ” by Currie and Meams is yet another textbook in public 
health which has appeared recently as a new edition largely as a. result 
of the far-reaching effects of the Xational Health Service Act. A serious 
attempt has been made to rewrite the book, but a number of errors occur 
which show that the authors have not completely avoided the traps that 
the new act has created. For instance the Blind Persons Act, 1920, 
sections 2, 3 and 4 of the Blind Persons Act, 1938, and the prevention of 
blindness in the Public Health Act, 1936, are quoted although all have been 
^repealed by the National Assistance Act. 

Some sections of the book are very good, particularly those on mental 
health and statistics, but some of the sections dealing with preventiv'e 
medicine do not seem completely up to date. Under the subject of anthrax, 
for example, it is stated (p. 101) that “ The most effective treatment is the 
intrav’^enous injection of Sclavo’s anti-anthrax serum”. 

The section on industrial hygiene is quite good, although the IVorkmen’s 
Compensation Act, quoted extensively, has now been repealed and it 
seems a pity, with the publishing date 1948, that the authors did not 
concentrate on the future procedure under the National Insurance (Industrial 
Injuries) Act, 1946, rather than on what was obviously destined to become 
out of date within a short time. 

Under the subject of silicosis it is stated that “ the disease is not a 
normal hazard of coal mining As an unqualified statement this gives a 
very incorrect picture of the real situation. 

A number of coloured illustrations are provided, but the colours of some 
of them are very unnatural. The delicate pictures of Amanita phalloides 
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and Amanita mtiscaria are very attractive, but one wonders whether they 
are really necessary. 

The book is well written from the Scottish point of view, but the handling 
of English public health law is not so satisfactory and the different procedures 
in the two countries, particularly in regard to maternity services, are not 
made sufficiently clear for the average student. The kilt is strongly 
advocated as the ideal dress for boys and the reviewer feels that the book 
will probably be greatest value to (and most appreciated by) those who 
subscribe to this view. 

Sternal puncture 

By A. PusTEY and J. L. Haiuilton-Pateksoit. 4th ed., 1949. London : 
WiUiam Heinemann, Medical BoolvS, Ltd. Pp. xi and 89 ; 1 text fig. 
and 27 figs. (22 in colour) on 18 plates. 15s. 

The addition of 3 figures, 2 colour plates and 10 pages of text has added 
as little to the stature of this book as to its bulk. The two new colour 
plates depicting various types of plasma cells in myeloma and of megaloblasts 
in pernicious anaemia are tinctorially better than the older plates, but their 
usefulness is marred by the fact that the numbers attached to the various 
cells or cell groups do not correspond to the numbers in the descriptive 
legends. This, alas ! is not the only evidence of carelessness in preparing 
the book. For the explanation of fig. IV, for example, the reader is still 
referred to p. 74, an instruction which was correct in the last edition but 
which should have been amended to p. 83 in this. The chapter on “ Neo- 
plastic and allied conditions of the bone-marrow ” has been redrafted and 
expanded, and other additions to the text include such matters as the 
subdivision of types of megakaryocytes, the effect of methane on the 
myelogram in leukeemia and the crises of acholuric jaundice. But these 
additions savour strongly of a few chance dips into the bran-tub of the 
recent literature. The book stiU laclrs authority and seems to be better 
suited to the needs of the physician who requires only a nodding acquaintance 
with the subject than to the needs of the pathologist, who soon encounters 
problems that cannot be resolved by reference to this volume. 



The Journal of 

Pathology and Bacteriology 

Vol. LXI, No. 3 


6i6 . 36 — 001 . 18 

HEPATIC CHANGES IN YOUNG PIGS REARED 
IN A COLD AND DAMP ENIUROXMENT 
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BowcK Research Institute, Aberdeen 

(Plates LXX\T1-LXXIX) 

The hepatic changes described in this paper are essentially those 
which JIcGowan (1924) attributed to iron-deficiency ansmia in 
suckling pigs reared without access to their natural sources of iron 
in soil and grass. It is now well established that the administration 
of iron in suitable doses prevents the low hfEmoglobin levels — 20-30 per 
cent. Haldane — seen during the first 4 weeks of life in suckling pigs 
(Venn et al, 1947). But in spite of iron administration it remained 
diffi nnlt to rear healthy pigs indoors in the north-east of Scotland, 
especially during the colder months of the year from October to 
March. Pigs reared in small wooden ark huts on pasture, however, 
attained good weights and showed excellent health when weaned at 
8 weeks of age. The difference between the “ outdoor ” and “ indoor ” 
pigs was investigated experimentally by Howie, Biggar, Thomson 
and Cook (1949), who showed that the complete sequence of events 
attributed by iilcGowan to iron-deficiency ansemia of suckling pigs 
could not be prevented by giving large doses of iron by month, but 
could be prevented by giving the young animals, in addition to iron, 
a warm, dry and comfortable environment, instead of attempting to 
rear them in a damp, draughty and cold byre largely built of concrete, 
whose floor was not insulated to prevent loss of heat. Por reasons 
fully stated in their paper, Howie et al. regarded the warmth and 
comfort of the wooden ark huts rather than the iron or other nutrients 
in the soil and grass as the reason for the superior health of pigs 
reared outdoors. Independently, Inglis and Robertson (1949) also 
emphasised that many of the commrmal pig-houses built in this 
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country in the past 30 years or so had a had effect on the health 
and productivity of pigs because they were too cold during the winter. 

The description given by Howie et al. of the pathological changes 
they found was confined to a brief outline, sufficient to indicate the 
general nature of the lesions in the pigs which died. McGowan and 
Howie et al. alike emphasised the liver changes as a main pathological 
feature of the disease they studied, and their descriptions agreed m 
so many respects that it would seem they were dealing with the 
same condition though attributing it to different causes. The work 
described in the present paper was undertaken therefore to furnish 
a detailed description of the pathological changes in the fiver of young 
pigs reared in a cold and damp environment, to compare these lesions 
with those described by McGowan, and to investigate whether a close 
.examination of the morbid anatomy and histology of this stfil unnamed 
disease of pigs would throw fight on its pathogenesis. This seemed 
to be necessary since we failed to find an account of the pathological 
effects in man or animals of exposure to excessive cooling over periods 
of from 3 to 15 weeks, although there were descriptions of acute 
experiments involving brief exposure to all degrees of cold. The 
need for information on the effects of climatic stress on animal health 
was emphasised in an admirable review by Lee and Phillips (1948). 

Experimental procedures 

Nine litters used in 3 experiments yielded 67 piglets alive three days after 
birth, i.e. after the period dxiring which many piglets die from being overlaid 
by the sow. The experiments were designed to compare the effect of a comfort- 
able with that of a cold and damp environment on the growth and health of 
suckling pigs from birth to the age of 8 weeks, when they were weaned. Pigs 
which survived beyond 8 weeks remained under observation, but in an environ- 
ment which was not regulated, being warm and comfortable for some litters 
or half-litters and cold for the others. 

The litters were bom during the cold months from October 1948 to March 
1949. Litters were allocated to one of three groups according to the type of 
housing as detailed by Howie et al. For brevity, these may be described as 
follows. Group 1, Open pen in a cold, draughty and often damp byre, with 
a non-insulated floor and only a limited amoimt of straw for bedding. Group 2. 
Warm shelter provided by a wooden ark hut or an electric hoo%'er. The pigs 
had an indoor run to a pen within the same byre as group 1. Group 3. Wooden 
ark hut providing shelter as in group 2, but the pigs had an outdoor concrete 
run adjacent to the byre inside which groups 1 and 2 were housed. After being 
reared to weaning in good health in the conserved warmth of wooden arks or 
an electric hoover, the pigs were stiU unable to tolerate the cold conditions 
of the open pen in the draughty byre. Accordingly, 4 pigs which were trans- 
ferred to this environment after having been raised to weaning under an electric 
hoover were regarded as belonging to group 1. All the piglets received 1-0 g- 
of reduced iron by mouth on the 3rd, 10th, and 17th days of life. This, among 
pigs which are comfortably housed, is enough to prevent a fall of hEemoglobin 
to ansemic levels, which, for pigs of 3-4 weeks of age, may be regarded as levels 
below 40 per cent. Haldane. Table I shows the distribution of pigs, the haimo- 
globin levels (per cent. Haldane), and the incidence of deaths among the three 
groups. It is seen that the Hb. levels were not significantly different at 3 weelrs 
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of nco the period \\lien h-emouMnn roaches it-? lowest level nmonc rcarwl 
■vdthovit nece-?-? to additional iron. After 3 week-? of nge. henUhv inc-? bepn to 
cat solid food in incrca-^inc amount and tin-? quickly leads to a n'sn in ireinoplolnn 
in animals n-hich until then have dcpendc<l entirely on the relatively Hmnll 
amount of iron available from sows’ milk. The animals avero obsora-(xl clndy 


IVnur. 1 


Dtslribution of pirjhl^ and incidence of deaths beiirccn 3 daps and l.'i vccks 
of ape among three groups uhosc cnvironmrnts differed in cooling power 


! 

Expen- 1 
toont'il ! 

groar j 

( 

Typ- of hoU'O nnd run 

Xaftlfc oT 
cn\lromn''nt 

Grodp liTiHosVil 

[v'r c('nt (nMianf*)rvt 

Xo In 
CTOHp at 

3 (lajr^ of 
a;:*' 

Xo. • 
<lc.nl from 

3 till-* to 
15 wecla 

3 

S 

i 

Open pen in cold, damp, 
draughty byro tnth non- 
insulated eoncrete floor 

Cold, damp, and 
draughty at all 
times 

ci-.'i (22) 

.30-4 (U) 

30 

1C 

1 2 

1 

1 

Wooden ark hut ; indoor 
run on concrete as in 
group 1 

House warm and 
dry ; run cold, 
damp and 
draughty 

C7-G (IG) 

GG-S (11) 

21 

5 

1 3 

1 

» 

Wooden ark hut ; outdoor 
run on concrete 

House warm and 
dry; conditions 
in run varied 
■with ■weather 

G7-4 (1C) 

7S-S (IG) 

IG 

0 


• Tlie flr-t death was ob'erved on the nineteenth day of life ("-c table II) 

All piglets recened by month 1 0 g of reduced Iron on the Snl, 10th and 17th days of life. HTino- 
globm estimations were not made on all piglets, and the figures in paienth-'sis In columns 4 and 5 show 
the number of aiumala used m detennlnmg the group mean* 

and their Hb. levels trere ascertained at 3, 6 and 8 -tyeeks of age rvith a ^C.P.L.- 
calibrated Haldane htsmoglohinometer, on trliich a reading of 100 per cent, 
vras equal to 14-8 g. of Hb. per 100 ml. of blood. Xonnal adult pigs in good 
health tvith access to soil and grass had htemoglobin values of 80 per cent, on 
the same instrument. The rate of grovrth of the animals vras checked by tveekly 
treighing. 


Results 

Incidence of deaths 

It TfiU be seen from table I that in group 1, the coldest group, 
16 of 30 pigs died. In group 2, which was more warmly housed, 
only 5 of 21 pigs died. In group 3, where the housing was warm 
and the animals had access to the open air hut not to soil or grass, 
there were no deaths among 16 pigs. The 21 pigs that died were 
examined post mortem, attention heing devoted mainly to the liver, 
wMch showed the most obvious lesions. Summarised data for each 
pig that died are ^ven in table H. 


Clinical features of sich animals 

.^er being apparently in good health up te 3 weeks of age, litters 
ot pigs housed in cold and damp conditions began to show important 
dilierences from those housed in warmth and comfort. The most 


Uver pathology of 21 pigs dying between 19 days and 19 weeks of age. The animals are arranged 
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noticeable and consistent feature of the pigs in group 1 w-as their 
unwillingness to eat the solid food which was offered from about the 
17th day of life. The pigs in group 2 had better and those in group 3 
still better appetites. The pigs in groups 2 and 3 retained the playful- 
ness characteristic of yoimg pigs in good condition, whereas those of 
group 1 lost this quahty. At times they were listless and apathetic. 
When, as was usual, they huddled together in clusters for warmth, 
individual pigs displayed a fair amount of energy in seeking a favourable 
position. It was often observed that a cluster was disturbed by 
the members which lay with their abdomens pressed to the floor. 
These animals, if they were strong enough, forced their way out, 
ran around for a little, and then tried to climb on the backs of those 
remaining in the heap, which was never long at rest. On the other 
hand the animals in groups 2 and 3, when at rest in their hut, lay 
snugly and quietly on the floor, fairly close together and to the sow, 
but not pressed into a tight cluster. After 3 weeks, the pigs of group 1 
showed great variability in growth rate. Some continued to gain 
weight, but in an ever-increasing number growth became retarded 
'or ceased altogether. One of the most regular and most noticeable 
features of the pigs in group 1 was the development of humping of 
the back and abdominal distension, shown by radiography and at 
post-mortem examination to be due to the presence of ascitic fluid 
in amounts ranging from 160 to 700 c.c. Of the 21 pigs examined pcsJ 
mortem, 13 had ascites, 3 ascites and organising peritoneal exudate, 
and 5 organising exudate alone. The hair of the animals in group 1 
grew long, rough and curly and was lacking in lustre, the tips of the 
ears were often blue and many of the animals had intermittent 
diarrhoea, but specific pathogens were not isolated on repeated examina- 
tion of the stools. 

Many of the deaths took place during the night, but in both the 
present and the previous experiments, two modes of death were 
observed. In the first the animals suddenly developed spasmodic 
breathing and cardiac overaction and often died suddenly after 
exertion. This sequence is known among pig farmers as “ thumps.” 
In the second the listlessness observed in many pigs became increasingly 
marked and the skin was cold and clammy. Respiration became 
shallow and consciousness was gradually lost. Death followed in 
from 12 to 36 hours from the onset of the final symptoms. The 
picture closely resembled that described as ohgsemic shock. 


Post-mortem nndings 

In aU cases the serous cavities were inspected and the abdominal 
and thoracic viscera examined by the naked eye and histologically- 
In 3 animals the shaft of the femur was divided to explore the bone 
marrow. In a few animals the thyroid and adrenals were examined. 
In some animals the heart was moderately dilated. nartionla.T-lv the 
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Fig. 2 Knlarged and congested b\er of pig no. IS from cold en\'ironment (group 1), 
®houing areas of i'=ch3>ima and consestion. ^VelgVlt of Iner 1650 g., ~ 10 *2 g. 
per 100 g. bodj weight. Age at death 86 dajs. X ca, 0 5- 
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richt side, but this 'vv.ns not con‘'tant. Occa^-ionally there wns a 
moderate ctTusion in the ])lcural and pericardial cavities. Only two 
consistent, pathological features rverc disclosed : (1) ascitic Sluid or 
peritoneal adhesions and (2) gross changes in the liver. Accordingly 
attention -a-as directed to a study of the liver changes which form the 
subiect of this paper. 

Changes in the liver 

Xalsed-eije appearances. As shown in table II the livers were 
usually enlarged, the range being from 4-3 to 10-2 g. per 100 g. body- 
weight, compared with 3^3, 3-G and 3-7 g. per 100 g. in 3 normal pigs 
killed at 49, 43 and 49 daj-s of age (figs. 1 and 2). The external surface 
showed all degrees of vascidar congestion and was usually dark purple 
in colour, but pale ischa:mic or fatty areas were irregularly distributed 
tliroughout the liver and were most often observed near the inferior 
edge of the organ (fig. 2). Enlargement of the lobules was visible 
on both the external and the cut surface, the latter presented the 
typical appearance of nutmeg liver (fig. 3). If the animal survived, 
the soft friable liver found in pigs djdng early in the disease was 
gradually replaced by fibrous tissue. In one animal (pig 15), wliich 
died at 78 days, the stuface of the liver showed alternate areas of 
light grey and yellow and the organ contained verj' little blood. 

Histological appearances. In each animal the liver shows essentially 
the same lesion, but apparent diversity arises from the different 
proportions of its component elements, even within adjacent areas 
of the same liver. The components of the lesion are : — ^vascular 
congestion (fig. 6), the sinusoids being greatly distended with red 
blood cells ; escape of red blood cells into the tissue spaces, the sinusoids 
being dilated but empty of red blood cells (figs. 4 and 5) ; ischEemic 
areas with sinusoids closed and liver cells swollen (fig. 7) ; fatty change 
in liver cells ; vacuolation (fig. 5) ; loss of staining affinity (fig. 7) ; 
fragmentation of colmnns of liver cells and necrosis of individual cells ; 
and fibrosis (fig. 10). 


Discussion 

The climeal features and lesions described in this paper are not 
those which might be exrpected in uncomplicated iron-deficiency 
ansemia. The condition was neither prevented nor cured by 
administration of iron but was prevented by substituting a warm 
and comfortable environment for one that was cold and damp ; the 
bone maCTOw, examined in 3 pigs, was not found to be hyperplastic 
and the liver pathology was not that associated with anEemia. 

The lesions in our pigs are in aU essentials identical with those 
described by McGowan. For example, all the abnormal naked-eye 
appearances of the liver shown in McGowan’s composite fig. 2 were 
observed m our series and our fig. 3 has the essential features of 
i c owan s fig. 2c, d and e. McGowan’s fig. 3, showing intense 
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congestion and hsemorrhage, especially of the central part of thelohule, 
corresponds to an appearance which was very common in our series, 
and our fig. 6 shows that the’ hver cells of some lobules were almost 
entirely replaced by blood. The dilated sinusoids in our figs. 4 and 5 
are similar to those shown in McGowan’s fig. 3, although he did not 
include them in his description. Fatty change and the later develop- 
ment of cirrhosis are common to both series. 

Can the lesions described by McGowan and ourselves be explained 
as the direct or indirect outcome of exposing young pigs to excessive 
coohng ■? Air temperatures did not differ greatly between the wooden 
ark hut and the open byre, but the subjective sensation was one of 
warmth in the wooden ark hut and of cold in. the open byre. The 
different sensations probably arise from the good insulation provided 
by the ark hut with its small cubic capacity and its wooden walls 
and floor with an air space below the floor. By contrast the byre 
with its large cubic capacity and high rate of air change was draughty, 
the uninsulated floors and often damp bedding and walls favoured 
heat loss by conductivity and there was a large area of concrete floor 
and wall likely to cause heat loss by radiation. The cooling power of 
an environment can be measured by methods described by Bedford 
(1946) and Kelly, Heitman and Morris (1948) but we had not the 
facilities to apply them during our present experiments. There was 
no doubt, however, about the subjective sensation of warmth in the 
one environment and of cold in the other. 

The young pig, unlike the sheep with its wool or the older pig 
with its fully developed layer of fat, is poorly protected against cold, 
and we were able to prevent the development of this disease only 
when we added a wooden ark hut to the environment. Continued 
cold win constrict the peripheral vessels, driving blood into the systemic 
circulation and thus raising the venous pressure. The naked-eye 
and microscopic appearances of the liver which we describe are 
essentially those of a vascular disturbance such as is associated in 
the human subject with increased venous pressure (Himsworth, 
1947). Bolton and Barnard (1931) produced similar lesions in the 
liver of cats by applying a constricting band to the inferior vena cava 
in the chest. The idea that a vascular disturbance within the liver 
itself might partly account for the lesions we observed was strengthened 
by the absence from most of the animals of signs of chronic venous 
congestion in organs other than the liver. In discussing the patho- 
genesis of central zone hepatic necrosis Maegraith et al. (1947) 
emphasised the importance of obstruction to the blood-flow arising 
from changes in the hepatic vessels themselves and not necessarily 
from cardiac failure. They considered (p. 782) that “ an active 
obstruction due to constriction of some elements of the hepatic venous 
vessels ” was an important factor in the production of the lesion. 

The hepatic venous tree of the pig contains a considerable amount 
of muscle (fig. 11) and it is not therefore difficult to imagine that 
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Plate LXXIX 


Fig. 6. — ^Liver of pig no. IG (group 1), showing intense congestion of some lobules eu 
ischsemia of others. The lobules nre approximately twice the size of those o 
the normal pig (figs. 8 and 9). Masson’s trichrome stain. X27. 

Fig. 7. — Pig no. IS (group 1). Ischaemic area with large pale liver cells, among which 
a few darkly stained noimal cells are seen. The sinusoids nre closed. Hasrantoxy ui 
and eosin. x 110. 

Fig. 8. — Normal pig no. 1. Normal livoi’, to chow amount of perilobular fibrous tissue, 
relation of sinusoids to liver cells and distribution of red blood cells (black) wit m 
the lobule. Masson’s triohromo stain. X 65. 

Fig. 9. — Normal pig no. 1. From same section ns fig. 8, to show variability in distribu- 
tion of red blood cells (black) witliin a normal liver. This represents the maximum 
concentration of red blood cells observed within normal lobules. Massons 
triohrome stain, x 65. 

Fig. 10. — Pig no. 11 (group 2). Well-marked central and periportal fibrosis. 
toxylin and eosin. X 36. 

Fig. 11.— Pig no. 7 (group 1). Transverse section of a hepatic vein whose lumen 
measured 6X1 mm. From above downwards : — hunon of vein; muscle bundle-s, 
mainly longitudinal ; perilobular fibrous tissue ; liver parenchyma. The raid<F0 
of the figure shows a tributary of the hepatic vein. t.rinhrome stain. 
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cold, especially cold applied directU’ to the abdomen ns in ft young 
pis' Ivinc on a iion'insvdated damp floor, may catisc derangement of 
blood flow through the liver ns well as through the vessels of the 
abdominal wall itself. 

If liver damage is accepted as the essential pathology of tlris 
disease of young pigs, it readily explains the other clinical and post- 
mortem findings, including the anorexia, ascites and anremia, and 
the inter\-al of about 3 weeks between birth and the development of 
the lesion. The two observed modes of death can also be c.xplained ; 
the sudden death with cardiac ovcraction by rapid abrupt increase 
of venous pressure and the gradual shock-like death from gross 
derangement of liver structure and function. 

The whole picture is complicated and we have insufficient data 
to answer all the questions that arise. For example we cannot yet 
say in what manner prolonged exposure to excessive cooling maj^ 
act, directly or indirectly, on the nutritional state of the animals. 
It will increase calorie and protein requirements and perhaps also 
the need for specific nutrients (Smith cl ah, 1948). The hepatic lesions 
in our pigs differ from those which Glynn and Himsworth (1944) 
produced in rats by feeding them on a protein-deficient diet and 
from those which Gillman el ah (1945) produced in rapidly growing 
young rats given a poor diet of maize-meal porridge and sour milk. 
At this stage the first need &om the practical point of view is to 
establish that these lesions are somehow connected rrith a cold 
environment and should no longer be attributed to iron deficiency. 


StniDIABY 

1. The disease described by McGowan (1924) as iron-deficiency 
anjemia of pigs cannot be prevented by giving iron. 

2. The essential lesion of the disease is nutmeg liver and its 
sequelse. 

3. The same climeal and pathological picture can be produced 
in young pigs by rearing them in a cold and damp environment and 
prevented by affording them additional warmth. 

4. The liver changes observed appear to be explicable on the 
basis of derangement of the hepatic circulation such as might 
reasonably be expected to result from prolonged exposure to excessive 
cooling. 
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THE EEEECT OF PENICILLIN ON THE TUBERCLE 
BACILLUS : TUBERCLE PENICUXINxVSE 


C. N. Ilvxd and S. Baixes 

Bactcriologu Department, Universitij of Birmingham 


LrrEKATtmE 

Tt.an- t> (1946) showed that Mycohaclcrhnn tuberculosis was inhibited 
by penicillin (20-80 units per ml.) under specified conditions, namely 
sUde-cell culture of fresh tuberculous material in a waterj’ extract 
of Lowenstein’s medium. Using a similar technique Houie (personal 
communication) also obtained inliibition and liirhy and Dubos (1947) 
and Solotorovsky et al. (1948), using different methods, likewise 
confirmed the inhibitory effect. The results of both the latter groups 
of workers agree with Hand’s finding that the size of the inoculum 
is a limiting factor under most conditions of test. The importance 
of the size of the inoculum was again stressed for other organisms of 
admitted sensitivity by Luria (1946) and Parker (1946), and in an 
Annotation (1949). Kirby and Dubos recorded inhibition with as 
little as one unit of penic illin per ml., depending on the size of the 
inoculum and the medium. Espersen (1949), with a shde-culture 
method, also found inhibition of tubercle bacilli by penicillin within 
the range quoted by Hand. In contrast to these findings Ungar and 
Muggleton (1946) claimed that the growth of human tubercle baeffi 
was stimulated by the presence of 1 or 5 units per ml. of penic illin . 


Riviere ef al. (1947) reported that experimental triberculosis m guinea-pigs 
was increased in severity by penicillin treatment. This was investigated by 
Hauduroy and Rosset (1948), who concluded that penicillin had no action on 
the course of tuberculosis in the guinea-pig and that the effect noted was due 
to the toxicity of the drug for this animal. Similar reports for other diseases 
have been published (Herrell, 1945) and it would appear that penicillin is 
so toxic for guinea-pigs that they must be regarded as unsuitable for experi- 
mental work with this substance. The present paper shows that penicillin may 
not be responsible for the stimulating effect on growth that TJngar and Muggleton 
observed, and describe the production by a strain of the tubercle baciUus of 
a peniciUin-destroying enzjTne-like substance which we have called tubercle 
penicfllinase. 


In Ungar and Muggleton’s experiments approximately 2x2 mm. pieces 
01 growth of Myco. tuberculosis were floated on the surface of a modified Long’s 
m(^um. To the test cultures 1 or 5 units per ml. of pure penicUhn were added 
and the concentration was maintained by repeated additions of peniciUm after 
nssaj-s at 48-hour intervals. The assay results were not quoted. The control 
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cultvires without penicillin showed less growth than the tests, the weighed 
amounts of growth ranging from 2/3 to 1/5 of the amounts in the test cultures. 
The cultmes were grown in 4-oz. (112 ml.) screw-cap “medical flats” each 
containing 50 ml. of medium. This technique resembles that of the Oxford 
workers (for details see Hand) and of Smith and Emmart (1944), except that 
these workers used media containing broth or serum and that growth occurred 
throughout the medium and not as a pellicle. The conditions necessary for 
pellicle growth of the tubercle bacillus in S 3 mthetic media have been closely 
studied (see, for example, Corper et al., 1939-40 ; Cohn, 1944). The access of air 
is critical, because the organisms need a liberal supply of oxygen (Novy and 
Soule, 1925 ; Kempner, 1939). 

In Ungar and Muggleton’s experiments the volume of air over 
the culture is 62 c.c. compared with the 500-700 c.c. which would be 
optimal according to the figures of Novy and Soule. This fits the 
fact that the weight of organisms in Ungar and Muggleton’s test 
cultures with penicillin is no more than that obtained by other workers 
with similar media under optimal conditions (Wong, 1937 ; Corper 
et al., 1939-40). Thus Ungar and Muggleton’s control cultures without 
peniciUm were probably depressed from lack of oxygen, which was 
constantly renewed in their test cultures when the caps were removed 
for the assay and replacement of the penicillin. An experiment to 
test this hypothesis was set up. 

Experimentai, 

Long’s modified medium (Ungar and Muggleton) was distributed 
in 50 ml. amounts in 4-oz. screw-cap medical fiats. The cultures 
were inoculated with 2x2 mm. of peUicle from a young culture of 
the 418 strain as used by Ungar and Muggleton. The penicillin was 
the pure sodium salt (Glaxo). Three sets of cultures were set up : — 
(1) Control. No peniciUin was added and the bottles were not opened 


Tabm I 

Increased growth of tubercle bacilli frorn repeated opening 
of the cultures 


Set 

Treatment 

Growth (visual assessment) of culture no. 

Weight of 
growth (g.) 

«> 

1 

2 

3 

i 

5 

6 

1 

No peniciUin. Not opened 

1 

2 

1-5 

2 

2 

1 -fi 


2 

No penicillin. Opened every 

4 

3 

3 

4 

4 

4 

3-0 

3 

Penicillin, 5 units/ml. 

3 

4 

3 

4 

4 

4 

2*8 


Opened every 48 honra 









during the experiment. (2) Control. As set 1, but the bottles were 
opened at the same time and for the same duration as the third set 
of cultures but no peniciUin was added. (3) Test. Five units per ml. 
of peniciUin were added at the beginning of the experiment. The 
levels were maintained by assay at 48-hour intervals with the addition 
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of penicillin as necessary. All cultures were incubated at 37^ ('. for 
3-4 weeks. Tour experiments were performed and all gave similar 
results. Growllv was assessed visually ns described by Ungar aiul 
Mugcleton and the cultures were then sliakcn, filtered off on a Iluchncr 
funnel. “ dried by suction for ten minutes and weighed. The rcs\dts 
of one experiment are given in t.ible I. The figure.? indicate that the 
greater amount of growth in set 3 than in set 1 coidd be due to a 
better supply of oxygen and not to the penicillin. 

Tubercle penicillinase 

During these experiments, assaj’s for penicillin at 4S-hour inten'als 
showed that there was complete loss of penieillin after the first few 
days. Tlrree lo-day-old cultures were therefore assayed at 2-hourly 
intervals after the addition of penicillin, and it was found that n units • 
per ml. were destroyed in two hours. The sterile medium by itself 
showed a loss of about 1 unit per ml. in 24 hours at 37° C. It was 
decided to investigate this phenomenon further to see if a penicillinase 
was being produced similar to that described for other organisms. 
The destruction of penieillin by a rapidlj- growing avirulent strain 
of Myco. tuberculosis was described by ^Voodmff and Foster (1945). 

Methods. Tlie culture fluid to be tested for penicillinase activity was incubated 
at 37““ C. for 4 or 1 hour with various strengths of penicillin. Samples were 
then taken up on sterile 6-mm. filter-paper discs and tested for the presence 
of penicillin on culture plates seeded with a strain of the Oxford Staphylococcus. 
In each case control solutions of penicillin were also tested, using 0-S5 per cent, 
sodium chloride instead of culture fluid. The highest concentration of penicillin 
destroyed by each preparation was determined. In tables H and III penicillin 
concentrations destroyed are expressed as units per ml. of penicillin-penicillinase 
mixture, the volume of the original penicillinase preparation producing the 
effect being given separatelj- in the table heading. 

In all the experiments described, one strain of tubercle bacillus, designated 
418, was used. Except in the preliminary experiment the organism was grown 
on Long s medium iii 200-ml. amounts in conical litre flasks or in 350 ml. 
amo\mts in roimd 2-litre flasks stoppered with cotton-wool pings covered with 
paper to min imise evaporation but allow a free uptake of oxygen. Tlie cotton 
wool used had been previously baked at 150° C. for one hour. 

Preliminary experiment. Four-weeks-old test and control etiltures 
from one of tbe experiments described above were filtered separately 
through Seitz filters. The resulting cell-free fluids were tested for 
penicillinase activity with negative results. Since tbe crude cultture 
ad shown peniciUmase activity, as already described, we decided 
t ^ filtration might be inactivatmg tbe enzyme by adsorbing it 

an a larger experiment was set up to investigate this and other 
points. 

PejticiUinase in a i-tceeks culture. Three hundred and fifty mi. of 
a culture were gently shaken to distribute the pellicle 

ou,j out tbe medium, Tbe culture was then separated into five 
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parts and the effects of heating and of filtering were tested. The 
results are shown in table II. 

Tabue II 


Penicillinase activity in 1-0 ml, of a 4:-weeks-old culture 
of tubercle bacilli 


Preparation 

Units of penicillin per mi. 
destroyed in 30 mins, at 

37“ C. 

1. Culture gently shaken to ensure even 

cell suspension 

2. As 1, but heated at 57° C. for 1 hr. 

3. Filtrate of 1 through filter paper (What- 

man no. 1) 

4. As 3, but heated at 57° C. for 1 hr. 

1 5. Seitz filtrate of 1, unheated . 

1 

10 

0 

10 

0 

2 

(in 60 mins.) 


Penicillinase in a 2-nionths culture. The preparation described 
in table II did not show great peniciUin-destroying activity, and we 
therefore decided to try an older culture in which a considerable 
amount of lysis had occurred. This was done because work with 
other organisms had suggested that lysis liberates the active material 
(Duthie, 1947). Since autolysis of tubercle cultures does not begin 
to any important extent until the culture is five weeks old, a 2 -montbs- 
old culture was used. A crude culture fluid obtained by carefully 
decanting the culture was divided and tested as shown in table III- 

Table III 


Penicillinase activity in 0-5 ml. of a 2-montlis-old culture fluid 


^ Preparation 

Units of penicillin per ml. 
destroyed in 60 min. 
at 37® C. 

1. Culture fluid centrifuged until cell free * 

50-0 

2. Crude culture fluid .... 

50-0 

3. As 2, but shaken for 15 min. . 

17*5 

4. As 2, but filtered (Whatman no. 1) 

17*5 

5, As 2, but Seitz-filtored .... 

7*5 

6. As 2, but heated at 60° C. for 60 min. 

2*5 

7. As 2, but boiled for 5 min. 

2-5 


* 3000 T.p.m. for 15 minutes 


The effect of hydrogen-ion concentration. Penicillin solutions of 
5 and 10 units per ml. were made up in buffer solutions (Jf/lSO 
phosphate) at pH levels 3, 4, 5, 6, 7 and 8. Equal volumes of crude 
culture fluid (pH 6*5) were added to the test series, giving final pH 
levels of 3*7, 4*8, 5*7, 6*0, 6*8 and 7*8. To a control series equal 
volumes of distilled water were added and all were incubated at 37° C. 
for 1 hour and the penicillin content assayed as already described. 
The results with 5 and 10 units of penicillin per ml. (figs. 1 and 2) 
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sho^v that the optimum pH for tubercle pcnicillinnso np^ars to be 
6-0, Avith a falling off in activity at each end of the scale. The control 
shows some effect of the pH on tlic penicillin itself. Tlie graphs were 
constructed by plotting the size of the inhibition zone in the as.ay 
against the pH. 



Figs. 1 and 2. — ^Effect of various levels of pB. on the activity of tubercle penicillinase, 
assayed for inhibitory effect on Staphylococcus on the surface of a culture plate. 
Control = penic illin solution (5 units/ml. in fig. 1 ; 10 units/ml. in fig. 

■water. Test = same penicillin solutions + crude culture fluid ffom 2-inonths-old 
culture of tubercle bacilli. 

Extraction of the penicillinase. The active substance was rather 
unstable, losing its penicillin-destroying power quietly at room 
temperature. An attempt to obtain a stable preparation by Harper’s 
(1943) method was not a success, as the resulting material had the 
power to destroy only 6 -units of penicillin per nal. in 1 hour at 37° C. 
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Discussion 

The experiments described in this paper show that the strain 
of tubercle bacillus examined can produce a peniciUm-destroying 
substance which has enzyme-hke properties : namely it is unstable 
to heat, losing nearly aU its activity after being heated to 60° C. for 
one hour ; it is adsorbed when a solution containing it is passed 
through a bacterial filter and to a less extent by ordinary fine filter 
paper ; it is destroyed by shaking ; and it works best at pH 6-0, 
being progressively less active at pH levels above and below this 
optimum. The adsorption by a Seitz filter of penicillinase from 
other sources has been observed before (Woodruff and Toster, 194:5). 
The effect of shaking could be an example of the inactivation of an 
enzyme by adsorption on to the surface of a foam. This could also 
be the reason for Duthie’s failure to obtain a high 3rield from aerated 
deep cultures of Bacillus subtilis. On the other hand the effect of 
excessive oxygenation cannot be ruled out, as it is generally agreed 
that penicillinase is inactivated by increased oxygen tensions and 
works better in the presence of an agent lowering the redox potential 
such as thioglycoIUc acid (Woodruff and Foster, 1945 ; Sumner, 
1948). According to Henry and Housewright (1947) Fe+ + '^ ions 
inhibit penicillinase, and as the medium used in the present investiga- 
tion contained 0-007 mg./ml. of Fe+ + ''' ions, this maybe responsible 
for the low figures for activity which we obtained compared with 
those found by other workers for different organisms. 

Many organisms have been described as producing a penicillin- 
destroying agent to which the term peniciUinase has been applied, 
although it has not been shown that aU the preparations are identical. 
Organisms of the subtilis group produce the most active material, 
which can be obtained in a stable extracellular form. As the most 
active preparations are obtained when some, but not complete, lysis 
has occurred and are not obtained when lysis does not occur (Duthie), 
it is likely that the enzyme is not extracellular in the strict meaning 
of the word but is intracellular in the hving organism and is hberated 
only on its death and lysis. Our experience with Myco. tuberculosis 
suggests that this may be the case, as our older,- partly lysed cultures 
gave much more active preparations than younger cultures. 

Sxjmmahy 

1. It has been shown that an alleged enhancing effect of penicillin 
on the growth of the tubercle bacillus is due not to the peniciLfin, 
since this is destroyed, but to the improved oxygen supply to test 
cultures which results from their being frequently opened for penicillin 
assaj’’. 

2. The virulent laboratory strain of tubercle bacUlus examined 
produces a penicillin-destroying substance with enzyme-lilre properties 
similar to those described for peniciUinase from other nrcrn-niGmci 
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THE BBIOaSATIOH OE iVHCE AGAINST GROUP-B 
STREPTOCOCCI BY THE INTRAPERITONEAL 
INOCULATION OE LIVING CULTURES CO^IBINED 
IVITH PENICILLIN 

I. H. Pattisox 

Agriculltiral Ucscarcfi Oouncil Vicld Station, Compton, Berkshire 


a previous paper (Pattison, 194S) the active immunisation of mice 
against group-B streptococci by intraperitoncal inoculation of gradually 
increasing doses of living rvhole-broth cultures "was described. Further 
■work has indicated that the use of living cultures — especially of 
unknorm strains — ^requires careful control to avoid killing a high 
proportion of the mice before immunity has been achieved. It seemed 
possible that penicillin might be used to control the lethal povrer of 
immunising doses of streptococci without seriously diminishing their 
antigenic activity, and the experiments here reported show this to 
be the case. 

^Iaterials Am> methods 

The group-B streptococcus used in these experiments, strain S 13, has already- 
been fully described (Pattison, 1948, 1949). During the experiments the strain 
■was subcultured each week on Bacto-tryptose ox-blood agar ; and -whole 
Todd-Hewitt broth cultures (Todd and Hewitt, 1932) were -used for mouse 
inoculations, all of which were given by the intraperitoncal route. Surface 
plate counts on Bacto-tryptose ox-hlood agar were made of all cultures inoculated. 

Penicillin inocula were prepared by dissolving tablets containing 10,500 ■units 
of the calcium salt in distilled water. The volume inoculated was 0-5 ml. 
intraperitoneally in every case. The procaine penicillin G containing 2000 ■units 
of penicillin per ml. -was obtained through the courtesy of Boots Pure Drug 
Company. 

The test dose of strain S 13 has been 0-5 ml. of an 18-hour whole Todd- 
Hewitt broth culture containing not less than 100 milli on li ving organisms 
per ml. 


ExPERIlIEVrAL OBSEBVATIOXS 

Treatment with penicillin of mice inoculated 
intraperitoneally with strain 8 13 

To detennine the efficiency of penic illin in protecting mice 
previously exposed to strain S 13, mice were inoculated intraperi- 
oneally -vrith a test dose of this strain and half-an-hour later -with 
^ner a single large dose of penicillin or a series of smaller doses. 
These tests were repeated several times and sample results are given 
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in table I. It was concluded that a series of small doses of penicillin 
was highly efficient in protecting mice against a test dose of this 
strain. 


Table I 


Results of intraperitoneal treatment with penicillin of mice previously 
inoculated intraperitoneally with a test dose of strain S 13 


Expt. no. 


Penicillin 

Ko. of mice 

Ko. living 
beyond 3 
days 

1 

S 13 + 

One inoculation of 6250 units ^ hr. 

45 

6 


penicillin 

after test dose 




Broth + 

One inoculation of 6250 units hr. 

20 

20 


penicillin 

after 0-5 ml. broth 



2 

S 13 + 

Four Inoculations each of 210 units, 

20 

19 


penicillin 

i hr., 2J, 4i, and 61- lirs. after test 





dose 




S 13 only 

Untreated 

20 

0 


Treatment of mice with penicillin at varying intervals after 
exposure to an intraperitoneal test dose of strain 13 

Haying demonstrated that a series of small intraperitoneal doses 
of penicillin would protect mice previously inoculated with a test 
dose of strain S 13, it was necessary to determine how soon after the 
test dose penicillin must be inj ected in order to give protection. Groups 
of 20 mice were inoculated intraperitoneaUy with a test dose of this 
strain, and at varying intervals thereafter were given 3 intraperitoneal 
inoculations each consisting of 1050 units of penicillin in distilled 
water. This dose was chosen as being easily prepared by dissolving 
one 10,600-umt tablet of the calcium salt in 5-0 ml. of distilled water. 

Table II 

Resul^ of intraperitoneal treatment with three lOBO-unit doses of penicillin of 
mice previously inoculated intraperitoneally with a test dose of strain S 13 


Group 

Injection of penicilUn ; 
hours after test dose 

No. of mice 

No. living 
beyond 3 days 

1 

1:3:6 

20 

14 

2 

2:4:6 

20 

4 

3 

3:6:7 

20 

3 

4 

4:6:8 

20 

1 

5 

6:7:9 

20 

\ 

6 

Untreated 

20 

0 


The results (table II) showed that, to give efficient protection, the 
first dose of penicillin must be injected less than one hour after the 
test dose. 
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Immnnisadon of mice b;i infraprrtlnucal inoculndon of 
strain S 13 followed by pcniciUin 

On the basis of the cndcncc so far obtained, it was decided to 
try immunisation of mice by intraperitonoal inoculation of n test 
dose of strain S13 followed by 3 inoculations of lOoO-unit do^cs of 
penicillin injected half-an-bour, 2 bours and G hours after tlic culture. 
Further, it was decided to repeat this immunising routine {i.c. culture 
followed by penicillin) at 4-day intervals until immunity could be 
demonstrated. This experiment was carried out tunce and mice were 
tested for immunitj* after 2 and after 3 immunising doses. Results 
(table III) showed c\*idcncc of immunity after 2 and of greatly enhanced 
immunity after 3 immunising doses. 

T.vni.u III 

Ucsults oj vxtrapcritoncal inoculation trilU a lest do-^c of strain S 13 of (a) mice 
previously inoculated at -i-day intervals with test doses of the same strain 
folloiccd half-an-hour, 2 hours and 6 hours later by intrapcritonral inoculations 
of 1050 units of penicillin, (b) mice previously inoculated tvith broth instead 
of S 13, and (c) untreated mice 


Zspt. no 1 

i 

Xo. of prepara- 
tory Inocnhtlons 

Xo, of aflcr 

bst prepanvtotv 1 
Inoculation | 

1 

Group 1 

1 

No of mice ' 

Xo Ihlns 
Ix-jonil 
t liaya 

1 

0 

5 

S I3-rporucQIin 

10 

5 




Broth -j- penicillin . 


0 




Untreated 

o 

0 


3 

o 

S 13 -f penicillin 

10 

10 




Broth -f- penicillin . 

10 

0 




Untreated . 

10 

1 

2 

2 

5 

S 13-1- penicillin 

10 

7 




Broth -r penicillin . 

3 

0 




Untreated 

5 

0 


3 

3 

S 13 -J-peniciUin 

49 

49 




Broth -r penicillin . 

14 

0 


1 


Untreated 

14 

1 


Immunisaiion of mice by inirajperitoneal inoculation of 
strain S 13 followed by procaine penicillin G 

A drawback to the use of penicillin to control the lethal action 
of streptococci inoculated as described was that several inoculations 
of penicillin -n-ere required, making the method laborious when large 
numbers of mice were used. To obviate this, a single inoculation of 
procaine penicillin G containing 2000 units of penicillin per ml. was 

replace 3 inoculations of the calcium salt of penicillin in 
distilled water. 

+b efheiency of the procaine penicillin G in controlling 

e e a action of a test dose of strain S 13, 10 mice were inoculated 
m rapentoneally with a test dose of this strain and half-an-hour 
a er with 0-5 ml. procaine penicillin G (i.e. 1000 units of penicillin). 
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Three of these mice died on the third day after inoculation ; the other 
7 remained healthy. Kve untreated control mice were dead within 
24 hours of inoculation, and 5 other mice inoculated intraperitoneally 
with 0'5 ml. procaine penicillin remained healthy. 

To show that mice that had received several inoculations of procaine 
peniciUin G without culture did not develop resistance to streptococci, 
5 animals were inoculated intraperitoneally four times at 4-day intervals 
with 0-5 ml. procaine penicdlin ; 2 days after the last inoculation they 
were exposed to an intraperitoneal test dose of strain S 13. All died 
within 24 hours. 

The results of these experiments showed that (a) a single intra- 
peritoneal dose of 1000 units of procaine penicillin G caused no 
evidence of disease in untreated mice and controlled to a considerable 
extent the lethal action of an intraperitoneal test dose of strain S 13, 
(b) four intraperitoneal doses of procaine penicillin G gave no protection 
to mice exposed 2 days after the last dose to strain S 13. 

An effort was then made to immunise 100 mice by inoculation of 
a test dose of strain S 13 followed half-an-hour later by a single dose 
of 0-5 ml. procaine penicillin G. This procedure was repeated after 
an interval of 7 days, and 7 days later immunity was tested by exposure 
of aU the mice to an intraperitoneal test dose of the same strain. Good 
immunity was demonstrated (table IV). It will be noted that only 

Table IV 

Sesitlts of intraperitoneal inoculation with a test dose of strain jS 13 o/ wuce 
previously immunised by 2 inoculations at a 1-day interval of test doses of 
the same strain followed half-an-hour later by the intraperitoneal inoculation 
of 1000 units of procaine penicillin G. The final test dose was given 1 days 
after the second immunising dose 


Group 

No. of mice 

No. living beyond 

3 days 

Iramunised 

80 

78 

Untreated . 

10 

0 


80 of the original 100 mice were exposed to the final test dose ; 19 
animals had died after the first immunising dose (2 on the 1st day, 
6 on the 2nd, 7 on the 3rd, 3 on the 4th, 1 on the 5th), and 1 on the 
3rd day after the second immunising dose. The lethal power of the 
immunising doses of S 13 was further shown by the death within 
24 hours on each occasion of 5 mice not treated with procaine penicillin. 

The interference of penicillin with the immunising activity of 
strain 13 inoculated intraperitoneally 

It seemed possible that in arresting the lethal power of streptococci 
penicillin might also reduce their immunising activity. To test this 
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possibility, 2 groups cacb of 40 mice Avcrc inoculntccl intraporitoueally 
witb l/25tli of a test dose of strain S 12 made up to 0*r> ml. with 
normal saline. Half-an-hour later one group received an intrapcritoncal 
inoculation of 1000 units of procaine penicillin ; the other group 
received no penicillin. Two of the mice not treated with penicillin 
died on the 3rd day after inoculation and another on the Gth day ; 
all the peniciilui-treatcd mice remained health}'. 

Seven days after this inoculation all the mice were injected with 
1/lOth of a test dose ; as before, one group was treated uath procaine 
penicillin and the other left untreated. One untreated mouse died 
on the 3rd day after tlus inoculation and another on the ."dh day ; 
one penicillin-treated mouse died on the 5th day. 

live days after this second inoculation, 10 mice from each group 
were exposed to a test dose of strain S 13. Two of the group without 
penicillin and 6 of the group w-ith penicillin died within 3 days 
(table V), suggesting somewhat better immunity in the former group. 

Tabi:e V 

Rcsulls of inlraperitoncal inoculation ivith a test dose of strain S 13 o/ (a) mice 
previously inoculated intrapcritoncally at 7-day intervals xvilh gradually 
increasing doses (see text) of living streptococci of the same strain, (b) mice 
previously inoculated intrapcritoncally at 7-day intervals with gradually 
increasing doses (see text) of living streptococci of the same strain, followed 
half-an-hour later by 1000 units of procaine penicillin G, (c) xmtreatcd mice 


1 

Test no. 

Group 

Xo. of 
Immum-Inc 
inoculations 

Dajs 
after li«t 
imTnuni'fnj; 
inoculation 

Xo. of mice 

Xo h%inj; 
bejond 3 

da>5 

1 

Culture -writhout penicillin . 

2 

5 

10 

8 


Culture -srith penicillin 

2 

5 

10 

4 


Untreated 

... 


5 

0 

2 

Culture without penicillin . 

3 

3 

10 

10 


Culture with penicillin 

3 

3 

10 

10 


Untreated 

... 


10 

0 

3 

Culture without penicillin , 

3 

6 


13 


Culture -with pemcUlin 

3 

6 

18 

18 


Untreated 



15 

0 


Seven days after the second immunising inocidation, aU the 
remaining mice received a third intraperitoneal inoculation consisting 
o ^ half a test dose of strain S 13 ; as before, one group was treated 
^th procaine peniemin and the other left untreated. One penicillin- 
died 6 days after this inoculation. 

Three days after this third inoculation, 10 mice from each group 
were closed to a test dose of strain S 13 ; none died (table V). Sis 
ays alter the third inoculation, aH mice not yet tested were exposed 

■nor.' 'ir strain S 13 ; 2 animals died in the group without 

P c , hut aU the penicillin group survived (table V). 
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It is concluded that the use of procaine penicUhn in this experiment 
interfered only shghtly — ^if at aU — ^with the immunising activity of 
the streptococci inoculated. 

Discussion 

Pre-requisites for the successful use of the immunisation method 
described are a knowledge of the lethal power of the strain used and 
of the dose or doses of penicillin required to control it. When mice 
are the test animals employed, the loss of a small percentage during 
the immunising process is of httle consequence, but with larger animals 
more careful control would be required. The success of the method 
appears to depend on a nice balance between the lethal power of 
streptococci and the protective power of penicdtin. It would appear 
also that, without any important reduction of immune response, 
death of animals undergoing immunisation may be prevented by the 
use of larger and more frequent doses of penicillin. 

Conclusions 

1. The mouse lethal effect of an intraperitoneal test dose of 
group-B streptococcus strain S 13 was controlled by 3 intraperitoneal 
inoculations, each of 1050 units of the calcium salt of penicillin in 
distilled water, given half-an-hour, 2 hours and 6 hours after the 
test dose. The same test dose was also largely controlled by a single 
inoculation of 1000 umts of procaine penicillin G given half-an-hour 
after the test dose. 

2. Repetition at 4-7-day intervals of this test dose-peniciUin 
routine created active immunity in mice. 

3. Penicillm used as described had little detectable deleterious 
effect on the immune response of inoculated mice. 
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A SCREENING PLATE FOR THE RAPED 
IDENTIFICATION OF F/ECAL ORGANISMS* 

R, Ivxox 

From the Public Health Laboratory, Orfortl 
(Plate LXXX) 

The bacteriologist engaged in examining large numbers of frecal 
specimens often finds it difficult to combine speed vritb accuracy. 
The modem use of efificient selective media has made it essential 
to exercise great care in investigating suspicious colonies found on 
the primarj" plates. Colonies of pathogens on such media as desoxy- 
cbolate-citrate agar (Leifeon, 1935 ; Hynes, 1942 ), eosin-brilliant 
green agar (Jones, 1936 ) and Wilson and Blair’s medium (Wilson 
and Blair, 1931 ) are frequently contaminated Tvith other organisms. 
These may be visible as minute colonies 'which may perhaps be 
avoided -with care, or they may be altogether in'risible. Their gro'wth 
is in fact suppressed by the selective agent in the primary plate but 
they gro-w fireely on subculture in non-inhibitory media. To inoculate 
tubes containing liquid media directly from colonies on such primary 
plates is unsound and invites the unfortimate consequences -which so 
often follow. 

Yet the bacteriologist’s dilemma is real. If he insists on accuracy 
at all costs, his reports may be several days too late to be of any 
practical value ; if he sacrifices accuracy in the attempt to give a 
rapid report, he may find that his so-called short-cuts are disastrous. 
This paper describes a “ screening ” plate which has been de-rised in 
an attempt to overcome these difficulties. The choice of the best 
primary media for bacteriological examination of freces is another 
matter. I am concerned here only -with the methods used in picldng 
and farther investigating suspicious colonies seen on primary plates. 


Methods commonly used 

Tlie table shows some of the methods commonly used. 

Method I is accurate but slow. 

Method II appears to have the advantage of giving rapid resrdts though 
le actual inoculation of many sets of sugars is time-consuming, but the method 
is unsound, s’mee the sugar reactions may be vitiated by small numbers of 
undetected contaminating organisms. 

* A report to the Medical Research Council. 
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Method III certainly gives considerable information and eliminates many 
non-pathogens at the earliest possible moment, but it is rather cumbrous and 
is still open to the criticisms applied to method H. 


Table 

Methods commonly used for picking single colonies from 
primary plates 


Days 

Method I 

Method n 

iletliod HI 

Method rv 

1 

Inoculate 
MaoConliOy’s 
lactose agar 

Inoculate peptone 
water 

Incubate 6-8 hrs. 
Inoculate sugars 

Inoculate 
MacConkey’s 
lactose agar 
and IMacConkey’s 
sucrose agar and 
sugars (short set) 

Inoculate double 
or triple sugar 
slope, sometimes 
with indicator of 
HjS production 

2 

Examine plates 
Agglutinate 
Inociilate sugars 

Bead sugars 
Agglutinate 

Check piu-ity 
Read sugars 
Agglutinate 
Inoculate further 
sugars if necessary 

Agglutinate 
Inoculate sugars 

3 

Read sugars 


Read further 
sugars 

Bead sugars 


Method IV (Russell, 1911-12 ; Ejumwiede and Kohn, 1917-18 ; Khgler, 
1917 ; 1918 ; Bailey and Lacy, 1927 ; SuUdn and Willett, 1939-40). These 
multiple sugar slopes axe informative but it is impossible to be certain of the 
purity of the cultures. 

There are, of course, many other methods in common use, but most of 
them probably fall into one or other of these four groups. Bach of them has 
serious disadvantages and the problem was to devise a medium which would 
combine speed with accuracy. 

The scEEEjisriHG plate 

The medium 

This consists really of two media. Tig. 1 shows diagrammaticaUy 
the appearance of the plates. Medium A is poured first (about 10 mh 
quantities) into Petri dishes inclined at such, an angle that the medium 
occupies a quarter to a third of the area of the Petri dish. This medium 
is allowed to set, the dishes are then laid flat and 10-15 ml. of medium B 
poured. Wlien this has set the plates are dried at 37° C. for 1-2 hours 
and are ready for use. Tor composition of media see appendix (p. 351) 
and legend to fig. 1. 

The method of inoculation is illustrated diagrammaticaUy in fig. 2. 
A single colony is picked with a straight wire from the primary plate 
and inoculated heavily along the centre of the screening plate as 
shown. The inoculum is then spread out so as to obtain separate 
colonies on both sections of the medium and on both sides of the 
plate. Immediately after inoculation two sterile glass coverslips are 
dropped on to the medium as shown and then two sterUised strips 
of blotting paper, the first containing maimitol, the second sucrose. 
The plates are then incubated at 37° G. and examined next day. 
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Examination of the plates 

Mg. 3 shows diagrammatically the information which can he 
obtained from examination of the cultures the following day. The who e 
plate is inspected for purity of the culture. Single colonies are avahable 
for inspection of colonial form, for shde agglutination tests and lor 
carrying out further sugar reactions if necessary. On section A oi 
the plate spreading strains of Proteus mirabilis and Proteus vulgans 



Fig. 3. — Screening plate after overnight incubation. 

M and S = areas of reddening and precipitation around mannitol and sucrose strips , 
L = area in which reddening and precipitation indicate lactose fermentation. 

spread freely and Pseudomonas shows strong pigment production. 
HjS production is shown by blackening under the cover-slip ; separate 
Sahnoneha colonies may also be brown. SMg. sonnei, Shig. fiexneri 
and other non-HgS producers give clear-cut negative results. Many 
cultures {e.g. Shig. fiexneri, Proteus, Pseudomonas and some paracolon 
baciUi) are easily recognised by their characteristic smeU which is 
well developed. On section B of the plate lactose fermenters giy® 
red colonies with precipitation of the desoxycholate ; mannitol 
fermentation is indicated by reddening and precipitation extending 
for 15-20 mm. around the mannitol strip of blotting paper, and sucrose 
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Fig. 6 . — Proteus vulgaris. 
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fermontntion similarly around (ho sucrose strip. Gas production 
from mannitol is indicated clearly and unequivocally by bubbles of 
gas or fissures in the agar underneath the second coverslip. 3‘igs. 4, 
5 and G are colour drarvings of plate.s inoculated with Snhnonclln 
paratyphi B, Shigella sound and Proteus vulgaris respectively. 


Discussion* 

Tlie medium was devised with a strictly practical end in view. 
It is generally agreed that in examining fnccc.s for pathogenic organisms 
a variety of selective media must be used if the best results are to be 
obtained, since the perfect selective medium has yet to be devised. 
The examination of each specimen may therefore involve studj'ing 
the biochemical and serological reactions of a number of suspicious 
colonies from primary plates. Any medium or method, therefore, 
which introduced order and precision into the cumbrous and some- 
times almost chaotic process of examining large numbers of racks 
of sugar tubes in various stages of incubation and purity would be 
of considerable practical value. There are, however, a few points, 
some of practical some of theoretical interest, which deserve mention 
here. 

In medium A the formula described (see appendix) gave the best 
indication of H^S production. Sodium thiosulphate, lead acetate, 
full-strength tryptic heart base and the coverslip all appear to be 
essential. But neither the mechanism of the blackening nor the source 
of the H„S can be regarded as clear. A possible suggestion is that the 
coverslip delays the escape of HoS and enables it to be trapped as 
lead sulphide by the lead acetate, but it is doubtful whether the 
source of the HoS is organic sulphur {e.g. cysteine) in the tryptic 
heart-broth agar or the added thiosulphate, or whether perhaps one 
of these catalyses the production of HnS from the other. 

In medium B various modifications in the base were tested. 
Half-strength tryptic heart broth in 2 per cent, agar was found to 
be the most satisfactory. When full-strength broth was used in 
the agar, enough acid could be produced to give a pink colour under 
a coverslip even in the absence of added carbohydrate. Production 
of acid with or without gas from carbohydrates or alcohols on the 
surface of agar plates is very different from fermentation in liquid 
media imder anserobic or semi-anaerobic conditions. Wfiien in addition 
t e carbohydrates are placed in blotting paper strips on a small 
section of a plate diffusion becomes important. The sharpness and 
t e extent of the zone in which acid production is indicated depend 
On a balance determined largely by the amount of fermentable 
su strate, its rate of utilisation, the speed "with which it or its acid 
products diffuse into the surrounding medium and the alkalinity 
produced by further bacterial growth. 

At first, strips of filter paper soaked in sugars were tested. 
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Cruickshanlc (1948) showed that strips of filter paper soaked in dyes 
could be successfully used in the differentiation of Brucella cultures, 
so strips of filter paper soaked in sugars were tested on the screening 
plates. But it was found that whereas acid production was clearly 
indicated by separate colonies, with confiuent or semi-confluent 
growth acid produced in the early hours of growth disappeared on 
overnight incubation. For this reason strips of blotting paper were 
used as a convenient method of obtaining a reservoir of sugar large 
enough to give continued acid production in overnight cultures. 
The sugar reactions obtained on the screening plates have shown 
perfect correlation with reactions obtained in the conventional peptone- 
water tubes : a few sucrose fermenters have given positive results 
overnight on the plates but have taken several days to ferment sucrose 
in peptone-water tubes. 

The use of the covershp to indicate gas production was suggested 
to me by H. A. Tarr (personal communication, 1948). Gas production 
is shown mainly by fissuring of the agar and sometimes by bubbles 
of gas under the covershp as weU. The covershp is a rehable indicator 
of gas production and the results give perfect agreement with con- 
ventional tests in peptone-water sugars containing Durham tubes. 
Gas producers often give bubbles of gas but no fissuring of the agar 
underneath the “ H 2 S ” covershp on the other part of the plate, 
whether they are HjS producers or not. The source of this gas may 
be fermentable substances in the fuh-strength tryptic heart agar on 
this part of the plate, but these bubbles of gas cause no difficulty and 
can be safely ignored. 

Desoxycholate has proved in this medium to be invaluable, not 
as a selective agent but as an aid in differentiation. The concentration 
used (1 in 400) is half the concentration in Leifson’s medium and iu 
Hynes s modification (Leifson, 1935 ; Hynes, 1942). This concentra- 
tion has no mhibiting effect on any members of the ShigeUa or 
SalmoneUa genera so far encoimtered. Most non-pathogens also 
grow on it freely. This of course was intended, since the medium was 
meant to reveal latent contaminants not detectable on primary 
selective plates. The medium has proved remarkably sensitive m 
showing up small numbers of lactose or sucrose fermenters which 
cannot be recognised on a MacConkey plate in the presence of a hea^T 
inoculum of non-fermenters. This greater sensitivity in detecting 
small numbers of fermenters is xmdoubtedly due mainly to tbe 
relatively irreversible precipitation of desoxycholate at low pS ; 
small amounts of acid are trapped in the colony and do not readily 
diffuse into the surrounding medium. Somewhat unexpectedly, « 
was found that many strains of Proteus are markedly inhibited on 
some batches of medium, especially where the inoculum is not very 
heavy. These strains are inhibited far more than on Hynes’s modifica- 
tion of Leifson’s citrate-desoxycholate medium. 

Agglutination reactions are reliable on both parts of the plate- 
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Prcliniiiiarv slide-agghjtiHatjon rcsiilis can be accepted ^vith tlio 
reservations and tube agglutinations arc also satisfactory. The sticky 
grou-th vhich often occurs on dcsoxycliolatc medium containing 
citrate bas never been observed on cither the dc^oxycholatc or lead 
aeetate part of this medium. 

The medium is simple and easy to prepare aiid it keeps n-ell. 
Even though it is obvious that on storage changes must occur in the 
concentration of different reagents by diffusion from one part of the 
medium to the other, these changes do not affect the perfonnance 
of the ready-made medium up to several u’ceks. 

The method of pouring one part of the medium with the plate 
at an angle and the rest with the Petri dish flat was adopted as a 
simple way of obtaining a composite medium and avoids all the 
complications which vrauld he involved in cutting partitions in a 
plate, cutting out gutters and filling them with agar and so on, srith 
all the difaculties of obtaining a smooth level surface which such 
manoeuvres entail. At the same time the composite medium has all 
the advantages given by a single plate and the process of picking 
from primary plates is greatly simplified. 

The medium differs from the usual “ multiple ” media in two 
important points. (1) It is possible, from the information given by 
the plates, to divide non-pathogens as well as pathogens into broad 
groups — non-pathogens are not dismissed indifferently without further 
characterisation. Bi many intestinal infections it is quite common to 
isolate organisms of doubtful pathogenicity, and it is much easier 
with the screening plate than with multiple sugar tubes to observe 
whether, for example, a particular paracolon-Iibe organism is occurring 
in a series of epidemiologically related cases. (2) The use of plates on 
which the punty of the culture can he checked gives an accuracy of 
diagnosis which is impossible when tubes are used, however carefully 
colonies are picked. 


The medium is flexible and can be modified to meet special 
circumstances by using other sugars besides or instead of mannitol 
and sucrose without altering the actual composition of the medium. 
The exact formula of the medium could no doubt be improved, perhaps, 
for example, by using other methods of indicating HgS production. 
The formula here described has proved consistently satisfactory, but 
the purpose of this paper is to emphasise the principle rather than 
the details of the medium. The results of its routine use in combina- 
tion with rapid urea and rapid indole tests are described in a separate 
paper (Cook and Knox, 1949). 

In conclusion, the medium has achieved the original purpose for 
w^ch it xras devised and its use has in addition brought out some 
mterestmg points in the biochemical behaviour of intestinal patho<^ens 
and non-pathogens. 
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SUMMABY 

A screening medium has been devised, suitable for the rapid 
identification of pathogens and rapid elimination of non-pathogens 
in the routine bacteriological examination of faeces. 

The medium is poured in Petri dishes in two parts. Part A, 
consisting of lead acetate, sodium thiosulphate and full strength 
tryptic heart broth in 2 per cent, agar, is poured with the Petri dish 
inclined at a slight angle. When this has set part B, consisting of 
sodium desoxycholate, lactose, neutral red and half-strength tryptic 
heart broth in 2 per cent, agar, is poured with the Petri dish flat. 

After the plate has been inoculated two glass coverslips and two 
strips of blotting paper soaked, one in 50 per cent, mannitol and the 
other in 50 per cent, sucrose, are placed on the heavily inoculated part 
of the plate. 

After overnight incubation the medium indicates spreading of 
Proteus, pigment production of Pseudomonas, sucrose and lactose 
fermentation, fermentation of mannitol with or without gas production, 
and production of HjS. 

The purity of the cultures can be readily checked, the characteristic 
smeU produced by many intestinal organisms is well developed on the 
medium and single colonies are available for inspection of colony 
form and for serological investigation. 

The coverslip placed near the mannitol slip indicates accurately 
gas production, while the coverslip on the lead acetate-thiosulphate 
part of the medium gives clear-cut indication of HaS production. 

The medium is easy to prepare, keeps well on storage and gives 
rapid and accurate results. 

My thanks are due to Dr R. D. Gray for the colour drawings and diagrams 
and to Mr H. A. Tarr for Iiis valuable assistance. 
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APPENDIX 
DctaUx o/ the inedi t 
Modiurn A 

Prepare 2 per cent, agar -with tr\-ptic digest heart brotli in the nsiml way. 
Adjust pH to 7-6. Bottle in 400-inl. lots. Store in n cool place or the cold 
room For use, molt 400 ml. bv autocln\-ing at 10 lb. for I hr. Cool on bench. 
Place in -n-ater-bath at about 50’ C. for v hr. Add 2 ml. of 10 per cent, lead 
acetate solution and 2 ml. of 25 per cent, (approximately molar) sodium thio- 
sulphate. Adjust pH to 7-6. 

Lead acetate sohiliotu Prepare a 10 per cent, .solution of lead acetate m water 
and steam for 1 lir. Allow to settle overnight. The clear supernatant fluid 
is used. Crvstallino lead acetate is preferable to the basic salt. 

Sodium 'thiosulphate solution. Prepare a 23 per cent, solution of sodium 
tliiosulphate. Steam for 1 hr. < 

Medium B 

Prepare 2 per cent, agar made with 50 per cent, tryptic digest heart broth 
in water. Adjust pH to 7'6. Bottle in 400-rol. lots. Store in a cool place or 
cold room. For use, add 4 g. of lactose to 400 ml. of the agar. Melt. Place 
in water-bath at 50’ G. for 4 hr. Add 10 ml. of 10 per cent, sodium desoxycholate 
solution. Adjust pH to 7-6. Add 0-5 ml. of 2 per cent, neutral red solution. 

Sodium desoxycholate solution. Ten per cent, solution of sodium desoxycholate 
as used in Hynes’s modification of Leifson’s desoxj-cholate-citrato medium 
(Hynes). 

A'eufral red solution. Two per cent, solution in water steamed for 1 hr. 

Pouring of the plates 

Sterile Petri dishes are fixed in a sloping position on the bench by a suitably 
inclined traj*. 8-10 ml. of medium A are poured into each Petri dish and allowed 
to set. The dishes are then laid flat on the bench and 10-15 ml. of medium B 
poiured. 

Blotting-paper strips 

Ford’s blotterettes (Ford 428 Jlill) were used. It is essential that any paper 
used must not inhibit bacterial growth. Pieces of blotting paper are soaked 
in a hot 50 per cent, solution of the appropriate sugar, prepared by steaming 
for 20-30 minutes, and then hung up to dry for 5-10 mins, in a hot-air oven at 
120’ C. Each piece is then cut so as to give finally a number of small strips 
about 20x7 mm. Before starting to prepare the strips it is possible by 
appropriate spacing to type the first letter of the sugar to be used in se%'eral 
rows so that at the end each strip has its appropriate letter, typed on it {e.g. 
S for sucrose, M for mannitol). The strips are then put into 5xf' test-tubes 
and autoclaved for 10 mins, at 10 lb. They are then ready for use and can be 
removed as required with sterile forceps. 

Coverslips 

Circular glass coverslips no. 1, f’ diam., or no. 1a, diam., are thoroughly 
cleaned with spirit, allowed to dry, placed in a Petri dish and sterilised in a 
lot-air oven at 180’ C, for 14 hrs. The coverslips can be arranged in such a 

way that they can be conveniently removed with sterile forceps when readv for 
use. 

Forceps 

It is an advantage to have a delicate pair of forceps so that these can be 
rapidly sterilised in a Bunsen flame. 
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BACTEEIOLOGICAL EXA^EGSTATION OF FiECES 
G. T. Cook and R. Kkox 

From the Public Health Laboratory, Oxford 

Fob some time ■we have been trying in this laboratory to develop 
methods which would simplify, shorten and make more precise the 
routine bacteriological examination of frcces. The value of a rapid 
test for urea-splitting has been emphasised by Cook (194S), using the 
lightly buffered medium of Christensen (194G), and a screening plate for 
the rapid characterisation of pathogens and non-pathogens has been 
described by Knox (1949). The present communication describes 
the results obtained during the last few months by the combined 
use of these two methods with a third, a rapid test for indole, which 
is briefly described below. 

Methods 

A large loopful from a broth suspension of fasces, if solid, or from the 
untreated fteces if liquid, was inoculated on to Hj-nes’s modification of Leifson’s 
desosycholate-citrate agar and Wilson and Blair’s medium (direct primarj* 
plates), and also into KaufEnaann’s tetrathionate broth and selenite F, from 
which, after overnight incubation, loopfuls were plated on to the same two 
solid media (indirect primary plates). After overnight incubation, primary 
plates were carefully examined and where necessary suitable colonies were 
tested by slide agglutination with appropriate sera, though the results were 
always interpreted with caution. 


Screening plate 

Representative single colonies of all non-lactose fermenters on desoxycholate 
plates and of all salmonella -like organisms on Wilson and Blair’s medium were 
each inoculated with a straight wire on to a screening plate (Knox). Two sterile 
cover-slips and two strips of blotting paper, one containing mannitol and the 
other sucrose, were dropped on to the plate, which was then incubated over- 
night. 

Rapid urea test 

Christensen's medium (1946) was used as described by Cook (1948). The 
medirun was inoculated from the screening plate and cultures incubated at 
37_ C. in a water-bath and the results read after one hour. 

Rapid indole test 

^ One ml. quantities of 2 per cent, peptone water were inoculated, not from 
primary plates but from pure cultures on screening plates. 'Very heavy inocula 
were used so as to form in fact thick suspensions in the tubes, which were then 
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incubated in a water-bath at 37° C. After one hour they were removed and 
tested for indole by the usual method of running about ^1 ml. of ether down 
the tube, shaking, and then adding a few drops of Ehrlich’s reagent. 

Full sets of sugars were inoculated when necessary and consisted of tu es 
of glucose, mannitol, maltose, lactose, sucrose, salicin and dulcitol peptone 
water, a plain peptone-water tube, a tube of heart broth containing a ea 
acetate paper and an agar slope. 

General procedure 

The cultures on the screening plates were examined after overnight incubation 
and their purity checked by carefully examining both the heavy growth m o 
centre of the plate and separate colonies. Further investigation of the c ture= 
depended upon the information given by the plates. A number of pat 
could be immediately recognised and confirmed by slide agglutination, fo owe 
by full biochemical and serological investigation where necessary. A ^ 
of non-pathogens could also be immediately recognised and eliminate . 
fiuther considerable number was shortly afterwards discarded as a res ^ 
a single test, e.g. the rapid urea or rapid indole test. The remaining cuuures 
a small proportion of those picked — ^required inoculation into a full set of sugars 
and perhaps serological investigation. 


Results 

During the period covered by this investigation (July-November 
1948) 1077 colonies were examined from 583 of approximately 90 
specimens of faeces. AH colonies were picked directly on to screening 
plates and no inoculations were made into liquid media from primary 
plates. The great majority of the 1077 colonies picked gave a pure 
growth on the screening plate when examined after overnight 
incubation. Twenty-six cultures were obviously mixed and a few 
others showed a small number of lactose-fermenting contaminants 
in the confluent part of the growth. Of the pure cultures, 90 were 
picked from Wilson and Blair’s medium and 961 from desoxycholate- 
citrate agar. The latter have been subjected to a detailed analj'Sis, 
the results of which are shown in table I. 
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nr.r. 


Group I 

One liundrcd and seventy-six pathogens all gave their characteristic 
pattern on the screening plate, on which, in fact, they were recognised 
as such and confirmed immediately hj' slide agglutination. The 
following Salmonella and Shigella orgainsms were isolated 
Salmonella 77 (S. Ujphi-murhim 50, S. anatnm 12, S. navporl 14, 
S. bovis-viorbificans 1), Shigella 99 [Sh. sonnei 93, Sh. jlcxncri V 1. 
Sh.ficxncri 103 5). 

5. Ujpln has also been recognised hy its biochemical reactions 
on the screening plate on a number of occasions in routine work since 
this investigation was completed. 

Group II 

By simple inspection of the plates after overnight incubation it 
was found possible to discard a further 514 of the 9G1 original cultures 
as non-pathogens because of lactose or sucrose fermentation, pigment 
production or spreading. The relatively large number of colonies 
which fermented lactose on subculture is partly due to the fact that 
the primary desosycholate-citrate agar plates were usually examined 
after less than a full twenty-four hours’ incubation. 

Group in 

A further 177 cultures could be discarded within an hour or two 
of exam inin g the plates. These consisted of 90 Proteus cultures 
eliminated by the rapid urea test and 87 paracolon bacfili which could 
be eliminated by the rapid indole test. 

Froieus ciillures. The majority of Proteus strains were betrayed 
by the spreading shown on the lead acetate section of the screening 
plate. These cultures have already been referred to under group II 
and they could be at once eliminated without further investigation. 
Non-spreading strains, however, were not immediately recognised, 
though their identity was usually suggested by their reactions and 
characteristic smeU. These cultures formed the majority of the group 
of non-spreading non-mannitol-fermenting strains and weak mannitol 
fermenters suspected of being P. retfgeri, on which it is suggested 
that a rapid urea test should be done (table H). Of 105 such cultures 
so tested, it was thus possible to identify 90 as Proteus within an 
hour or two of examining the plates. 

Though inspection of the plates made it possible to assign most 
of the 2S3 Proteus cultmes (spreading and non-spreading) to their 
co^ect hiochemical group, for the purpose of this investigation all 
but S strains were classified by any necessary additional biochemical 
reactions as follows P, vulgaris 86, P. mirabilis 103, P. morganii 29, 
P. rettgen 37. pVom each of 18 specimens of faeces two different 
species ot Proteus were isolated, all except one of the sis possible 
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combinations being observed. In addition, three different species 
were obtained from each of three specimens. 

Paracolon bacilli. There were 161 organisms in tliis ill-defined 
group which failed to ferment lactose and sucrose but fermented 
mannitol with gas production on the screening plate. There were 
only 32 of these which were HaS-positive and whose reactions on the 
plate therefore resembled those of the Salmonella group ; such 
cultures required full biochemical and serological investigation and 
are considered imder group IV. The remaining 129 cultures failed 
to produce HaS and were therefore unlikely to belong to the genus 
Salmonella. The rapid indole test was reserved for these strains and 
proved particularly valuable as approximately two-thirds were indole- 
positive. Eighty-seven in fact could be eliminated by the rapid indole 
test, while the remaining 42 indole-negative cultures required further 
biochemical investigation and were placed in the following group. 


Group IV 

■jThere remained only 94 cultures which could neither be diagnosed 
^s probable pathogens nor ehminated with confidence as non-pathogens 
-^fihin an hour or two of examining the plates. These were the only 
cuy;ures which required further fermentation tests, except for the 
pathogens for which biochemical confirmation was necessarj’’. Slide 
[agglutination was also done on cultures whose characters on the 
,^ate (biochemical reactions, colonial appearances, smell, etc.) 
particularly suggested the possibility of a pathogen, e.g. the group of 
32 HjS-positive paracolon bacUli. 


Agglutination 

The screening plate gave reliable slide agglutination with a large 
number of Salmonella and Shigella cultures. The growth on the 
lead-acetate section was used for making alcoholised “ 0 ” Salmonella 
suspensions and mercuric iodide suspensions of Shigella cultures. 
Tube agglutinations were done on 44 strains and the results were 
always perfectly satisfactory. Suspensions for “ H ” agglutination 
were prepared by inoculating a broth tube from the plate early in 
the day, incubating in a water-bath at 37° C. for a few hours and then 
formohsing the culture. 

Rapid indole test 

Cultures have been investigated in parallel by this short test and 
by the usual method of overmght incubation of ordinary peptone- 
water cultures (5 ml. quantities) in 6 x|-" tubes. Two hundred and 
thirty-one cultures were tested 5 163 of these gave negative results 
in 1 hour and after overmght incubation, 61 w-ere positive in both 
tests, and 7 which gave a negative result at 1 hour were positive after 
overnight incubation. These last cultures were all strains of jP- 
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morganii except for one paracolon cnllnrc ; they gave a po-itivo result 
■when re-tested by the rapid test after 3 hours’ incubation. Ao false 

positive results have been recorded. 

Peptone water (Eupcptonc) has proved ns satisfactorj' a substrate 
for the rapid indole test ns for the orthodox longer test. Tryptic 
heart broth, although it contains small amounts of sugar, and enzymic 
casern digest have also proved satisfactory. Arnold and Weaver 
(194:8) have independently described a rapid indole test which is 
essentially the same as the one described here. They also found that 
tryptophane in weak peptone-phosphate water prordded a suitable 
medium. The rapid test was designed to make use of the tryptophanase 
already present in the cultures to be tested. 

Discussiox' 

The method described combines the advantage of uniformity in 
the first step (picking representative samples of all suspicious colonies 
on to a screening plate) •with the flexibility which is necessary and 
desirable in the later stages of investigation. A large number of 
cultures (over 50 per cent, of our series) can be immediately excluded 
from further investigation with the assurance that the cultures are 
pure and attention can be promptly focussed on presumptive pathogens. 
Positive slide agglutination -nili reinforce the biochemical reactions 
and the bacteriologist is enabled to take immediate steps to telephone 
a presumptive positive result. When indicated, suspensions for tube 
agglutination can be prepared and further sugars inoculated "without 
delay. The rapid urea test and rapid indole test enable the 
bacteriologist to identify a number of the remaining cultures as 
non-pathogens within an hour or two of inspecting the plates. The 
number of cultures remaining undiagnosed and requiring further 
biochemical investigation is reduced to a minimum and sugar sets 
can be inoculated from a single colony ■with the reasonable expectation 
of a pure inoculum. 

One of the advantages claimed for the use of a plate of this type 
for primary subcidture (Knox) is the greater opportunity it offers 
for the detection of mixed cultures and this has proved to be the 
case. Even "with a mixtrue of two non-lactose-fermenting cxiltures, 
a careful study of colonial appearances and biochemical reactions 
usually gives sufficient information to enable a presumptive diagnosis 
of both strams to be made. Single colonies are available for slide 
agglutination and other investigations if these are indicated. 

A suggested method for employing the combination of screening 
luea and rapid indole tests is s'ummarised in table II. 

e use of a single medimn on to which all suspicious colonies are 
p ate simplifies the work of both the technician inoculating the 
c tines and the bacteriologist examining the results. The technique 
o mocmating the plates and placing covershps and “ sugar strips ” 
IS quickly learnt and a series of plates c!in be inoculated more rapidly 
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than an equivalent number of sugar sets. The flexibility of the method 
should, however, be emphasised and it is obviously both undesirable 
and impracticable that a rigid technique should he followed m every 

TabIiE n 


A suggested method for the investigation of pure cultures on 
screening plates 


Reactions on plate 

Presumptive diagnosis 

1 

Strains showing spreading, 
lactose fermentation, 

sucrose fermentation or 
pigment production 

Non-pathogenic organisms 

1 

HjS-h 

Presumptive Salmonella 

Acid and gas 
from mannitol 

H,S- 

Probably paracolon bacilli 
but possibly Sh. new- 
castle or certain Salmon- 
ella strains 

Acid only from 
mannitol 

HjS-f 

HjS- 

Presumptive S. typhi 
Presumptive Shigella 

Non-spreading non-mannitol- 
fermenting strains and 
weak mannitol fermenters 
suspected of being P. 
rettgeri 

Non-spreading Proteus 
strains, Achromobacter 
etc., but possibly non- 
mannitol - fermenting 
dysentery bacilli 

1 


Suggested procedure 


Eliminate from further 
investigation 


Slide-agglutinate and 
inoculate full set of 
sugars „ 

Rapid indole test, n 

negative after 1 hour, 
inoculate full set ol 
sugars and if necessary 

slide-agglutinate 

Slide agglutinate and 
inoculate full set ot 
sugars 

Rapid urea test. If 

negative after one hour, 
inoculate full set of 
sugars and if necessary 

slide-agglutinate 


of 

case. Certain procedures can be added or omitted at any stage 
the investigation according to the history of the case and the infornifi 
tion required by the bacteriologist. 


Summary 

The combined use of a screening plate, a rapid urea test and a 
rapid indole test in the routine bacteriological examination of feces 
is described. 

The method has been employed in the investigation of over a 
thousand colonies and has proved of particular value in the rapid 
recognition of presumptive pathogens and the early ehmination o 
non-pathogens. 

The advantages of picking colonies on to a single solid mediiim 
in the early stages of investigation are discussed, while the flexibility 
available in the later stages is emphasised. 
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CRA1?I0PHAUYNGI01\IA OR PARA-PITUITARY 
ADAMAjSITINOI^IA (ERDHEIM’S TmiOUR) 

WlIiLI-VM WaI-KKR 

The Department of Pathology, University of St .-Iridrcirs and 
Royal Infirmary, Dundee 

(Plates LXXXI a^jd LXXXII) 

The case of para-pituitary tumour here reported is remarkable in 
tliree respects. First, it is unusual for a tumour of this type to attain 
so large a size without undergoing more extensive degenerative change. 
Second, the patient’s sjnnptoms dated from the termination of a 
pregnancy, a physiological condition which, it would seem, is unldcely 
to occur in the presence of such a lesion. Third, there was constant 
glycosuria, accompanied by an abnormal sugar tolerance curve without 
hyperglycemia — an association not previously observed in such cases, 
although its dependence upon the cerebral lesion is more than likely. 

In view of the scanty reference in British bterature to this type 
of tumour since the study of Beckmann and Kubie in 1929, a brief 
review of the literature is included in the discussion. 

Case kepobt 

Clinical history 

First admission. A married woman, then aged 26, was admitted to the 
gynaecological ward, Dundee Royal Infirmary-, in October 1946, complaining 
of amenorrheea dating from a normal delivery in April 1939. In 1940 she had 
consulted her doctor and received tablets which she took regularly for about 
a year ; during this time she apparently had regular and normal periods. 
When the tablets (presumably stiiboestrol) were stopped, menstruation ceased 
and had not returned. There was no vaginal discharge and no pain. She 
described a slight feeling of tension in the breasts coming on almost every 
month, with a little secretion lastmg one day. There were no urinary symptoms. 
She complained of frontal headaches of some severity once or twice weekly, 
and of increasing irritability in the last few years. Until the middle of 1942 
she had lost weight, but had regained and more than maintained her normal 
weight since then. 

General physical examination revealed no abnormality except that the breasts 
were rather small, with small and retracted nipples, and the external genitals 
were atrophic in appearance. Dilatation and curettage were performed 
(Dr Buchan) : the vaginal waU was atrophic and the uterus very small — 
11 inches in length, including the cervix, which was one inch in length. Xo 
endometrium was obtained. On the possibility of a post-partum pituitary 
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atrophy, the skxill was X-rayed ; Dr T. Sprunt reported that no abnormality 
was present in the sella turcica apart from some interclinoid calcification. A 
sugar tolerance test with 50 g. of glucose was carried out. The fasting blood 
sugar was normal, and the curve showed a slow rise to 160 mg. and a slow and 
prolonged fall, being stiU 132 mg. per 100 c.c. after 2h hours. Glycosuria was 
present throughout, being most marked after 1 hour. 

Second admission. Eleven montlis later, on 1st September 1947, she was 
readmitted, this tune to a medical ward, in a drowsy but rational state. Tlie 
recurrent headaches which had been present for several years had, six days 
before admission, become extremely severe and generalised ; there was also 
severe pain in the neck and, on the day before admission, she had some bouts 
of vomiting. Since her previous discharge, there had been no return of 
menstruation. Latterly, she had experienced occasional difficulty in seeing 
objects, frequent fainting fits and unaccustomed drowsiness, and she now had 
to pass urine at least once nightly. 

A catheter specunen of urine contained traces of albumin and sugar. The 
deep reflexes were exaggerated in the upper limbs but normal and equal in the 
lower limbs ; the plantar responses were flexor. The abdominal reflexes were 
present at first and later absent. The pupils were equal and moderately dilated, 
with sluggish reactions ; the optic discs were flat and showed marked general 
pallor. Lumbar puncture produced a clear fluid imder increased pressure, with 
8 cells per c.mm. 

At 12.30 a.m. on 2nd September the patient began to have generalised 
extensor muscular spasms, with clenched jaw, spasticity of arms and legs and 
opisthotonos, but no neck rigidity. Between spasms her limbs were quite 
flaccid. Her temperature rose to 102-6“ F. and she died 5J hours later. 


P ost-mortem examination 

The body was that of a woman of apparent age about 20 (actual 
age 27). She was of short stature and well -nourished but not obese. 
The head and neck were deeply cyanosed. The quantity and distribu- 
tion of the pubic and axillary hair seemed normal. The nipples were 
retracted. 


With the exception of the organs described below, and of the 
heart, which was small, weighing only 6-J- oz., the internal organs 
showed nothing noteworthy. 

Vte^ and ovaries. The entire uterus was less than two inches 
m length and its cavity about half-an-inch. The endometrium was 

1 • ^17 small, fibrous and reddish on section. 

Histologically the uterus showed atrophy of aU its elements, the 
endometrium bemg of the senile type. The ovaries had a vascular 
fibrous stroma contammg smaU cystic spaces, some degenerated 
primordial and atretic foUicles, a few corpora albicantes and no corpora 
lutea. 


The was bulky and bulged when the dura was incised. 

There was moderate venous congestion of the arachnoid and extreme 
flattemng ^ the convolutions. At the base of the brain a polypoidal 
cystic growth was found, protruding downwards for about | of an 
mch from the region between hypothalamus and midbrain, above 
and postermr to the optic chiasma and immediately above the seUa 
turcica. The chiasma was stretched and congested and the 
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infundibulum greatly widened and continuous with the neoplastic 
outgrou-th. The diaphragma scllrc and pituitary were compressed 
from above douaiwards, the superior surface of the anterior ])ituitaiy 
being concave and boatshaped. The clinoid processes were normal, 
A longitudinal section of the brain (fig. 1) showed the floor and almost 
the entire ca\nty of the third ventricle to be occupied by a large, 
pedunculated, poUTioidal and cystic upgrowth of the tumour, 2?. inches 
in length, which bulged beyond the confines of the third ventricle 
after section. The tumour tissue was firm and fibrous, and the 
numerous small cystic spaces contained a glairy, brown, gelatinous 
fluid. 

Hlslologi/ 

The tumour is found to be a pure tj-pe of adamantinoma or amelo- 
blastoma as described by numerous authors since 1904, when Erdheim 
showed that these para-hj'pophyseal epithelial tumours arise from 
remnants of the festal craniophaiyngeal canal at its sites of attachment. 
The structure is that of a plesiform epithelioma closel 5 ’ resembling 
the adamantinoma of the jaw. Irregularly branching and anastomosing 
sheets or islets of epithelium lie in a delicate and sparsely cellular con- 
nective tissue stroma (fig. 2) . The epithelial islets consist of two or three 
distinct zones. The peripheral zone is generally formed by a single 
layer of tab columnar epithelial, cells of strictly rectangular outline, 
with large, dark-staining, oval or elongated nuclei (fig. 3), conforming 
in this respect with Critchley and Ironside’s (1926) description of the 
ameloblast layer as found in the embryonic enamel organ. Some 
islets have a well-developed stratum intermedium of closely packed 
or roimded polygonal cells, while in others the ameloblast layer is 
contiguous with the central zone. This, in the interior of the islets, 
consists of a syncytium-like reticular tissue composed of rormd, oval, 
polyhedral or spindle-shaped cells with dark-staining round or oval 
nuclei, often eccentrically situated. In many places these cells are 
closely packed, with formation of numerous squamous epithelial 
whorls or “ pearls,” without, however, any keratinisation ; elsewhere 
the structure is looser and syncytial, with intercellular protoplasmic 
bridges of varying thickness, in parts resembling those of the pricHe- 
cell layer of the epidermis. This is the “ stellate ” layer described by 
Erdheim and others, and has been likened to the reticular arrangement 
in the interior of the developing enamel organ. Within tbig central 
portion numerous cystic spaces, generally of small size, have formed 
apparently from hydropic degeneration of the component cells • of 
the other described types of cyst — ^the colloid and the ameloblast 
inclusion cysts (Critchley and Ironside) — some approximation to the 
former is seen, but there are no crystal-contaming cysts. Despite the 
radiological findings during life, there is no sign of calcification in 
any of the portions examined histologically, and an X-ray examination 
of the remamder of the specimen fails to reveal it. Sections from the 
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floor of the third ventricle and from the infundibular region show 
obvious invasion of the nervous tissue, with a distinct glial reaction 
around the neoplastic masses. 

The pituitary appears histologically normal, except for great 
flattening of the cells from above downwards. 


Discussion 

The climcal picture in any given case of suprasellar tumour depends 
on a balance of effects. Nearly all the effects can, so far as we know, 
be attributed to simple mechanical pressure on various parts of the 
soft tissues within the skull, or, in the case of the hj^othalamus, as 
in the present instance, by actual invasion of its substance by the 
tumour. The protean character of the syndrome from case to case 
is due to the juxtaposition, in the region where these tumours grow', 
of tissues with important and functionally diverse activities. Some 
of the effects, such as visual field defects, external ocular palsies and 
optic atrophy, are purely neural and are relatively easily recogmsed 
as such. Others are endocrinal, and manifest themselves only bj' 
the resulting secondary upset of the general endocrine balance ; it 
may therefore be impossible, as in the metabolic derangement of the 
present case, to disentangle the primary abnormalities with any 
accuracy. Modern knowledge allows us to say that certain signs and 
symptoms are specific evidence of dysfunction of the optic chiasma, 
while other signs point with equal certainty to the pituitary or hypo- 
thalamus, but overlying these, and possibly altering the balance 
between such regionaUy determined factors, there can be the general 
effort of increased intracranial pressure, whether by mere growth of 
the tumour or by varied degrees of blockage to the flow of cerebrospinal 
ui . e varied sjmdromes thus encountered are available in the 
scattered case reports and reviews, especially those of Critchley and 
®®°^“iann and Kubie (1929), Frazier and Alpers 
(1931), Cushmg (1932) and Friedgood (1946). The amenorrhoea, 
polyuria, abnormal drowsiness and optic atrophy of the present case 
are all of common occurrence in adult patients. The terminal tonic 
mu^ular spasms and pyrexia are less common but have been reported 
^ Ironside and Beckmann and Kubie ; it is of interest 
that the former also record spastic attacks foUowing operation, and 
suggest a sudden hypercholesteroliemia as the explanation. 

In the present case the original onset of symptoms foUowed 
parturition and t^s, mth the subsequent general atrophy, suggested 
at that time a chmcal diagnosis of Simmonds’s disease ; it was not 
then known that tins syndrome may be due to a supraseUar tumour 
(Summers, 1947 . No other example of a tumour of this type in a 
parous woman has been found in a review of 204 record^/ cases 
One of the cases described by Frazier and Alpers, a m^SS woin 
of fifty, had miscarried once. They comment on the rarity of marriage 
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in female subjects. Indeed, none of the eight adult female patients 
of Beckmann and Kubio had married, and they suggest that women 
with this tumour have an early disturbance of the psycho'=cxual 
constitution. 

Various upsets in the metabolism of sugar have been recorded in 
this disease. Glycosuria, when present, has always been associated 
with hyperglyctemia, but in the present case sugar appeared in the 
urine when the blood sugar was as low ns 00 mg. per 100 c.c. The 
sugar tolerance curve revealed a pecubarly slow rise to a maximum 
of only 160 mg., with a siibsequent very slow fall. The flatness of 
the curve seems to be fairly characteristic ; it was found in Conley s 
(1941) case and two of Critchley and Ironside’s cases, while Beckmann 
and Kubie describe it in five cases, two of whom, nevertheless, liad 
hyperglycjemia and glj'cosuria. The explanation of this flat curve is 
not easy. Although on the one hand it is well known that lesions 
in the bypotbalamic region may cause hyperglycemia and glycosuria 
by altering the sugar storage capacity of the liver, on the other, a 
lessened activity of the pituitaiy may be characterised by hx^io- 
glycemia (Triedgood). As both hypothalamic damage and pituitaiy- 
hypofunction are Kkely to be present in a case of craniopharyngioma, 
it is not inconceivable that the abnormal sugar tolerance frequently 
found in this condition may be a mixture of these two effects. The 
peak figure in most of the recorded sugar tolerance curves has been 
low, and it was only in the exceptional cases showing a high plateau 
that glycosuria was recorded. It may be that the low renal threshold 
for sugar in the present case is a chance association ; none the less, 
despite its absence in the other reported cases, it is tempting to regard 
it as yet another expression of the multiglandular syndrome resulting 
from damage to the pitiiitary and hypothalamus. 

Since Erdheim’s original and clarifying paper on hypophy-sial 
duct tumours in 1904 and his later review in 1925, a considerable 
hterature has appeared, mainly in America. The ingenious hypothesis 
put forward by Erdheim, that the tumours are derived from squamous 
epithelial rests of the embryonic craniopharyngeal canal, has been 
generally accepted and elaborated in subsequent studies, and it is 
apparently supported both by the embryologists’ observations and 
by the frequency with which squamous epithelial rests have been 
found in the normal hypophysis (Carmichael, 1931). More recently, 
however, this view has been challenged by Tilney (1936), who follows 
Atwell (1918) in declaring that there is no good proof that any part 
of the canal persists in the adult state in man ; he traces the origin 
^ the tumours rather to inclusions in the pars tuberalis of elements 
om the embryonic dental plate. Embryologically, this view seems 
not to be so very different from that of Erdheim, and in any case, 
as Ulis ( 1948 ) remarks (p. 628), the resemblance between adam- 
an inoma of the jaw and many stalk tumours “ is not surprising, 
considering that both sets of residues have a closely similar develop- 
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mental origin and consist of closely similar foci of indifferent 
epithelium.” 

An entirely different approach to the pathogenesis is suggested 
by WeU and Blumldotz (1943), who produced three epithelial cysts at 
the base of the brain in rats by the implantation of methylcholanthrene 
crystals. One of these growths is stated to have shown a distinctly 
adamantinomatous appearance, while the other two were similar to 
squamous papillary cysts ; they attribute the cysts to neoplastic 
transformation of the arachnoidal mesothelial lining, and appear to 
regard their views on the histogenesis as satisfactorily replacing the 
orthodox theory. Their findings, however, are by no means clearly 
related to the tumours under study. In brief, the view of the patho- 
genesis generally held to-day is stiU that of Erdheim, namely that 
certain tumours arise from squamous epithelial rests in the line of 
the embryonic craniophar 3 mgeal canal, especially in the upper part 
of the infundibulum — ^the commonest site — and between the lower 
end of the infundibulum and the anterior lobe of the pituitary ; hence 
the tumours may be either suprasellar or intrasellar in position, the 
former being much the commoner. The greatest number of those 
reported have been in relation to the suprasellar or upper part of the 
infundibulum, the others have lain in the pituitary itself or below it- 
The tumours included in the Erdheim group are not quite uniform 
in type. The adamantinomatous variety is the most frequent, but 
differences in histological structure of considerable degree have been 
noted, both from case to case and even within the same tumour. 
There is likewise difference in behaviour from case to case. It is 
thus rather difficult to produce a satisfactory classification of the 
tumours taking origin from the embryonic craniopharyngeal canal 
(Duffy, 1920; Erazier and Alpers, 1931; Eriedgood, 1946) and it 
is obvious that with increasing knowledge the suggested categones 
are having to be 'modified and subdivided. What may be palled the 
typical para-pituitary adamantinoma or basal-ceU carcinoma, of 
which the present case is a good example, is only locally invasive ; 
it is usually solid, although multiple cysts may be present, especially 
if the tumour itself be large. The next most common type would 
appear to be the monolocular cyst with a papillary squamous lining- 
This, like the next variant, the solid squamous growth, is a benigu 
tumour, frequently showing obvious transitions to the usual adam- 
antinomatous picture. Where the monolocular cyst is characterised 
by^ excessive keratin formation with crystallisation of cholesterol, 
some writers have preferred the term cholesteatoma, but such sterol- 
containing cysts occur in any of the variants already described and 
the use of this term would be better dropped. The possible occurrence 
of a frank squamous carcinoma in this region has been repeatedly 
affirmed, but it must be a rare event. All these tumours can reasonably 
be taken as forming a single group, derived from Erdheim’s squamous 
epithelial rests. 
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There remain two types of tiimonr in this region whicli in tiic 
past have been confused with the Erdhciin rest tumours (ernnio- 
pharyngioma). These are the so-called cysts of Rathke s pouch and 
the teratomata. Mojiolocular cystic tumour-s with cylindrical, .stratified 
or ciliated epithelium arc included, under the name of “ true Rathke 
pouch tumours ", along with the ndamantinomata in Frazier and Alper’s 
classification of neoplasms arising from the embryonic craniopharrTigeal 
canal. It is obvious, however, from the work of Baar (1047). that 
these cysts arc not true neoplasms and have quite a different origin 
from the Erdlicim rest tumours. They arc really colloid-containing 
retention cj'sts resulting from failure of Rathke's cleft to divide into 
the small colloid cysts normall}* found in the pars intermedia of the 
pituitary*. These monolocular Rathke cysts arc generally lined by 
cubical epithelium, but sometimes the lining is of ciliated epithelium 
and it has been suggested that its presence is due to the onset of the 
abnormal development at an earlier stage in foetal life (Baar), Xcither 
type is neoplastic and neither has histogcnetically anj-thing in common 
with the Erdheim tumours. The}- are, moreover, always intra.^ellar 
in situation. As for the teratomata, they arc included in Frazier 
and Alper's classification as “ probably ” occurring. It i« known 
now that teratomata undoubtedly occur in this situation atrd that 
they have no relation to the tumours under discussion, except the 
chance one of situation. In the interesting series of fourteen supra- 
sellar tumours, most of them described as squamous papillary cysts, 
published by Globus and Gang (1945-46), cartilage, bone and acinar 
structures were each found in one, hair follicles in two, and sebaceous 
cells in two ; and although these writers do not emphasise the 
teratomatous character of these tumours, and presumablj- regard the 
bone as metaplastic as sometimes happens (Erdheim), it is just 
possible that they were, in fact, describing teratomata. 

The vital importance of early diagnosis in cases of suprasellar 
tumour has been stressed repeatedly, hut the only clues, as the present 
case shows, may he not only slender, but almost misleading. "When 
the lesion declares itself before adolescence, the results of endocrine 
disorder, such as obvious stunting, sexual immaturity and adiposity, 
and also the symptoms of increased intracranial pressure, are usually 
obvious at an early stage, whereas in adults the tumour mav grow 
for years without obviously poiating to the pituitary. Xe<dect or 
misinterpretation of an early sign may, through delay, make hopeless 
a possible case for surgical removal. One of the few relatively constant 
early signs is amenorrheea, and it seems clear now that, in the absence 
of any other explanation, this symptom should suggest the possibility 
of suprasellar tumour. Confirmation should he sought by radiooraphv 
of the skull for supraseUar calcification, by a glucose toleranc'e test 
and by exammation of the ocular fundi and visual fields 
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SuiilMARY 

A case of craniopharyngioma (para-pituitary adamantinoma) in 
the suprasellar position is described. The patient was a young parous 
woman, a circumstance which is rare if not unique. The symptoms, 
at first merely amenorrhcea, followed immediately after the pregnancy 
and suggested post-partum pituitary atrophy. 

There was glycosuria, which is uncommon, unaccompanied by 
hyperglycsemia ; this has not been previously recorded. 


My thanks are due to Professor Fairlie, Dr Gordon Clark and Dr A. Buchan 
for clinical data. I also acknowledge with pleasure the assistance of Professor 
Lendrum and Mr J. W. Corkhill with the photography, and of the former in 
the preparation of this paper. 
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NEPHROBLASTOiMA OCCURRING IN 
ADULT LIRE 

H. A. Sissoi^s, Prophit Research Student 
Department of Pathology, Boyal College of Surgeons of England 

(Plates LXXXIII-LXXXV) 

SoiiE of the earliest accounts of “ embryonic ” or “ mixed ” tumours 
of the Mdney refer to examples in adults, and additional cases of 
this kind have been reported in the literature from time to time. 
Among these, a few are clearly authentic examples of “ mixed ” 
renal tumours, others, just as clearly, are not. The greatest obstacle 
to any understanding of the exact nature of most of these tumours — 
and this applies to both the older and the more recent accounts — is the 
absence of adequate objective information in the descriptions and 
illustrations. Hence, although the existence of occasional adidt 
tumours of this type cannot be questioned, no adequate idea can be 
obtained of their frequency, or even of their characteristics as a group. 
For this reason the present tumoiu, appearing in an adult but with 
a structiue closely resembling the nephroblastoma of childhood, is 
described in detail. 

Case bepobt 

Clinical history 

The patient, a man 31 years of age, sought medical advice because of an 
enlarging abdominal tumour which had been present for some months. His 
first symptom had been a transient attack of h®maturia two years previously, 
but he had had no medical attention at that time. Clinical investigation 
revealed a bulky tumour of the right kidney, an enlarged and irregularly- 
contoured liver and a mass in the region of the right groin. ISTo treatment was 
attempted, and the patient died two months after admission to hospital. 


Autopsy findings 

On incision of the anterior abdominal wall the viscera were seen 
to be displaced by an ovoid tumour 14 in. in length and 10 in. in 
breadl i, replacing the right kidney. The right dome of the diaphragm 
was displaced by the tumour to a position about 4 in. above its normal 
level, while the Hver, spleen and stomach were pushed over to the 
extreme left of the upper abdomen. To the right of the mid-line the 
tumour was adherent to the anterior abdominal wall. The ascending 
j. riin. BACT.— Toi- iju 367 2 a 
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and transverse portions of the colon were stretched tightly across 
the lower part of the tumour and were incorporated in a thick outer 
fibrous capsule, formed by the mesentery and omentum, to wliich 
the tumour itself was firmly adherent. The small intestine and 
descending colon were confined to the pelvis and lowest part of the 
left side of the abdomen. Above the upper part of the tumour, 
beneath the dome of the diaphragm, the normal right adrenal was 
identified in relation to the displaced liver. 

When removed from the body, the tumour, which weighed 14 lb., 
showed a ragged contour where it had been adherent to adjacent 
viscera, but on its superior and medial aspects it was covered by a 
smooth capsule. On its posterior aspect near the original site of the 
hilum an outer shell of thinned-out renal tissue was preserved, but 
over the rest of the surface no such tissue could be identified. When 
the specimen was cut, the weU-preserved peripheral parts of the 
tumour were found to be soft, but uniformly white in colour. Centrally 
it had undergone extensive degeneration, with formation of many 
ragged cavities lined by disintegrating brownish tissue and contaming 
dark fluid. 

There was no gross invasion by the tumour of the renal vein or 
its major tributaries, nor were any deposits present in abdominal or 
thoracic lymph nodes. The liver and lungs contained many round 
white metastatic tumours ranging up to 2 in. in diameter. 

Examination of the mass in the right groin showed it to be a 
deposit of growth in the superior ramus of the pubis, expanding this 
bone to a smoothly-contoured mass 4 in. in diameter. 

The rest of an exhaustive autopsy revealed no further significant 
abnormalities, and the anatomical diagnosis was carcinoma of the 
right kidney, with metastases in lungs, liver and bone marrow. 


Pathological histology 

In the primary renal tumour and in all its metastases, the general 
structure is the same. Even at a first glance the lesions present an 
appearance quite unlike that of an ordinary renal carcinoma of adult 
type. The bulk of the tumour tissue has the type of structure illustrated 
in fig. 1, and consists of an aggregation of rounded or elongated 
glandular structures. The nuclei of the cells making up these tubules 
are round or spindle-shaped and darkly staining ; mitoses are frequent. 
Only traces of cell outlines can be identified, usually in the inner parts 
of the glandular formations, the nuclei being basally situated. 
Shrinkage in preparation has caused some separation of the glandular 
structures, in places bringing into prominence a thin layer of delicate 
fibrous stroma between the tubules. Where a recognisable inter- 
tubular stroma is present it is continuous with the fibrous tissue of 
the organ containing the tumour, or with the surroimding fibrous 
capsule where one is present. Like the stroma of a purely epithelial 
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Fio. 1. — Peripheral pnrt of a pvilmonarj' metastasis shoainc an area of tumour ti-suo 
whieh conMsls of plandiilar formations uitli a small amramt of mter\'onina 
eollasenous stroma, y fil). 



Fio. The more central part of the same pulmonary metastasis, shoump an area 
of tumour tissue where the fibrous stroma is \ety prominent, x 100. 
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tumour, it appears to Imvc developed from the loeal supporting tissue 
of the part. 

An area of the tumour iu vhich this stroma is very prominent is 
sho^vn in fig. 2, where clearly recognisable glandular formations of 
tumour cells arc seen, surrounded by vascular connective tissue. 
Although in close contact, the two components are quite distinct. 

In other areas of the tumour there exists a more intimate .structural 
relationship between the cells of the epithelial formations and those 
surrounding them. It is this relationship which enables the present 
lesion to be grouped with the “ embryonal ” renal tumours. In 
these situations the proliferating masses of tumour tis.sue consist not 
only of recognisably epithelial cells, but of a mixture of those with 
interlacing strands and bundles of spindle-shaped cells. Occasionally 
the spindle-celled tissue predominates, in some areas to such an extent 
that the tumour has the appearance of a sarcoma. !Morc commonly, 
glandular formations are scattered throughout the apparently sar- 
comatous tissue. Prom figs. 3-5, selected from such areas in separate 
pulmonary metastases, it is c\*ident that there are numerous transitions 
between the epithelial cells and their spindle-shaped neighbours, and 
that the glandular structures and spindle-ceUed tissue represent 
modifications of a common cell type. Tlie complex cell aggregates so 
formed are exactly comparable with those of the ordinaiy nephro- 
blastomas of childhood. 

The complexity of structure and inter-relationships of the histo- 
logical pattern can best be seen in the earliest stages of growth of the 
pulmonary metastases. The metastatic deposit, when it can be 
recognised at a sufficiently early stage, is seen to consists of a mass 
of undifferentiated spindle-celled tissue. A fragment of this kind 
impacted in a small pulmonary artery is seen in fig. 6. A mass of 
recently formed thrombus lies alongside the tumorm embolus, and 
there is as yet no invasion of the vessel wall. In the vessel shown in 
fig. 7, progressive development of a similar embolus has resulted in 
the establishment of a recognisably glandular pattern amongst the 
tumour cells. The entire lumen of the blood-vessel is occupied by the 
mass of growth, but although this is everywhere adherent to the 
wall of the vessel, no extension to smTormding tissues has ocemred, 
nor has tumom tissue as yet become vascularised by the ingrowth of 
capillaries. 


Fig. 8, showing a larger and more fully established metastasis, 
illustrates stromal development at an early stage. The tumour is 
still confined to the lumen of the artery, but growth of the embolus 
has so expanded the vessel and stretched out its waU that the muscle 
coat is barely recognisable. The tumour tissue, originally spindle-ceUed 
has produced numerous peripheraUy situated glandular structures’ 
while the centre is occupied by a vascular connective tissue stroma 
which has ^own into the tumour from the vessel waU. A small 
residual portion of thrombus is situated at one margin of the tumour 
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No smooth or striated muscle fibres, cartilage or bone have been 
found in the tumour in spite of prolonged search. 

Discussion 

The earhest accoimts of the tumour now known as a nephro- 
blastoma (those of Eberth, 1872; Cohnlieim, 1875; Birch-Hirschfeld, 
1898 ; Muus, 1899 ; Wilms, 1899 ; and Hedren, 1907), which laid 
the foundations for current ideas on their pathology and histogenesis, 
appeared at a time when knowledge of other types of renal tumour 
was uncertain and confused. Stoerk’s (1908) refutation of the adrenal 
origin of “ hypernephroma ” had not yet appeared, and the renal 
tumours of adults were regarded as a diverse and heterogeneous group. 

It is not surprising, therefore, that as knowledge of the structurally 
complex renal tumours of childhood became famihar, there were 
selected from this apparently confused assortment of adult renal 
tumours examples wliich, because of certain supposedly unusual 
features, were classified with the childhood group. 

The first of these cases, described by Hoisholt in 1886, appears to have been 
a genuine ** mixed ” tumour. It occurred in a youth of 18, who at autopsy 
presented a massive renal tumour with metastases tliroughout the peritoneum 
arid in the right lung. The tumour is described histologically ns a sarcoma, 
with areas of cartilage and local collections of spindle cells which were thought 
to be non-striated muscle fibres. No striated muscle could be identified and 
no mention is rnade of any epithelial component. 

Another apparently authentic example is the case described by Muus 
(case III). It was that of a woman aged 24 years who died with a huge renal 
tumour 14 days afte^ the birth of a child. The tumour had a structure which 
the author declared to be typical of the “ mixed ” renal tumours of childhood, 
and in support of this contention he described spindle-celled tissue with 
multiplying cells arranged in local aggregates whose central parts contained 
tubular structures. Striated muscle fibres and fat cells were also said to be 
present. 

A third plausible example from this early period is that of Jenckel (1901) a 
bulky Worn in a woman aged 43 years. This is described as consisting of 
coMective tissue and epithelial elements. These took the form of “nodes ” of 
epithdial cells, with glandular formations which communicated with cysts lined 
• by cubical epithelium. Non-striated muscle and fat were present among the 
connective tissue elements, but neither striated muscle fibres nor cartilaginous 
islets were discovered. 

In the absence of illustrations none of these examples can be- 
considered as fuUy established, but the descriptions are sufficiently 
detailed to carry conviction, and what is described conforms to the 
general pattern seen in nephroblastoma. Other early accounts are 
not so easily interpreted, because they are often described in the 
confused terminology of the time and lack adequate microscopic 
illustrations. Nevertheless, in the fight of more recent experience' •- 
of the range of structural variation exhibitied by adidt renal carcinomas, 
a present-day reader has no difficulty in deciding that some of the 
tumours described were merely ordinary renal carcinomas which. 
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because they presented occasional atypical areas of anaplastic un- 
differentiated tissue, eluded correct identification. Cases of tin’s sort 
include those of Lotheissen (1S9G, case -1)— a woman of 3S udth a 
tumour the gross and microscopic descriptions of which appear U-pical 
of ordinary renal carcinoma ; of Hcdren (1007, case 4) — a woman 
of 54, areas of whoso tumour arc stated to have the usual structure 
of a renal carcinoma ; and of Nicholson (1900) — a woman of 40, 
whose tumour also is stated to contain areas identical in structure 
with “ hypernephroma.” 


The following tumours arc of greater interest. The first, described by 
Reid (1S96), was in a woman of 2S. It was a bulkj- tumour, described as a 
sarcoma which sliowcd tubular structures and indistinctly striated cells in the 
spindle-celled tumotir tissue. The next, that of Blau (1S98, cited by Hedrdn) in 
a man of 22, again a bulkj- tumour, had produced metastases in the liver and 
lungs. It contained numerous longitudinally and transversely striated colls and 
was described as a “ myosarcoma striocellularo.” The third, that of Busse (1899) 
in a woman of 57, was described os a rhabdomyoma of the renal capsule. These 
three tumours may well belong to tho nephroblastoma group but on critical 
examination this diagnosis cannot bo regarded ns substantiated. 

Cases where the nature of the lesion must bo regarded ns quite imcertain 
are those of IVyss (1901) — a woman of 37 who had a cystic spindle-celled 
bone-containing tumour ; and of Keefe and Palmer (1910). 

The fasluon of diagnosing adult ncpliroblostomas still persists, as does also 
the habit of omitting from the published reports the objective information or 
niioroscopic evidence on which such a diagnosis may be based. As before, 
from what little evidence is available, manj* of the tumours, it may be surmised, 
are ordinarj- adult renal carcinomas. This applies to the cases of Edlbane and 
Lester (1929), Thatcher and Pulmer (1929), Busser et al. (1938), Hultquist (1938), 
Papin ct al. (1938), Hamm (1942), Sparks (1942), Moore (1942-43), Wood (1944) 
and Oesterlin (1945). Ko conclusions at all can be reached concerning the 
cases of Rohde (1919), Derrick (1922), Baumann (1923), Davis (1931), MacDonald 
(1927-28), Jerddns (1931), Keff (1931), Dean and Pack (1932), Geschickter and 
Widenhom (1934), Priestley and Broders * (1935), Alcorn (1937), Kelson (1939), 
Livermore (1943), Loeb (1943), Bell (1946), HiU (1946) and Twinem (1946). 
The diagnosis cannot be said to have been substantiated in any of these ; indeed 
in this more recent period the only example to have been established with any 
degree of certainty is that of Hasner (1928). This tumour, in a man of 45, is 
described as being composed of tubules and embryonal striated muscle cells. 
An adequate photomicrograph confirms the presence of these striated cells 
and establishes the lesion as an authentic “ mixed ” tumom. 

A case quoted by Derrick (1922) as an example of adxilt nephroblastoma 
is that of Wohl (1917), who himself made no mention of its relationship to the 
embryonal group. The tumour, which occurred in a man of 31, was described 
as a malignant papillary adenoma of the kidney. Prom Wohl’s account it is 
clear that this term is not applicable in its usual sense, and as the histological 
iUustrations show a close resemblance to the glandular structures of the tumour 
described in the present paper, it is just possible, as Derrick suggests, that the 
tumour was a nephroblastoma. 


• Dr Erodes wt^ kind enough to send me sections of the two tumours listed fbut 
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One other lesion to be considered here is that recorded by Marshall (1943). 
His description refers to a surgically resected Iddney from a woman of 40 
which contained a pale grey encapsulated cystic and hsemorrhagic mass 13 cm. 
in diameter. From the histological structure the possibility of its being a 
metastatic tumour is discussed and rejected, and it is judged to be normal 
endometrial tissue, composed of epithelial tubules embedded in a spindle-celled 
stroma containing some smooth muscle. In view of the rarity of a lesion ol 
thm nature in the tissues of the Iddney, it is suggested, as a possibility, that 
this may be an example of nephroblastoma in an adult. 

Because of the many uncertainties revealed in a critical survej 
of the cases described or quoted as examples of nephroblastoma in 
ad^ts, it is suggested that in future all observed adult examples ol 
this type of tumour should be recorded, and that adequate objective 
evidence of their structural characteristics should be included in the 
published report. 


SUMMABY ' 

A renal tumour of unusual structure occurring in a man 31 years 
of age is described. It bore no histological resemblance to the usual 
t 3 q)e of renal carcinoma, but, on the contrary, was similar to the 
^oup of mixed ’ tumours of the Iddney that occur in childhood. 
It consisted of a mixture of epithelial tubules and spindle-celled tissue, 
these intimately related components representing modifications of a 
common cell type. 

Cases described or quoted in the literature as adult examples of 
tMs type of renal tumour are reviewed. In the great majority the 
agnosis m in doubt, and in many it is apparent that the tumour 
was an a xilt renal carcinoma. Lack of familiarity with the wide 
range of structural variation exhibited by tumours of this group 
appears to be the usual cause of misdiagnosis. 
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Fir.. 6. — Section through a small (2.>0 
^ diameter) pulmonary artery containing 
an arrested embolus of spindle-shaped 
tumour cells. X liiO. 


Flc. 7 — Section through another small ('200 
ft diameter) pulmonarj- arten.'. The lumen 
of the \esscl is completely occupied by a 
mass of tumour tissue which shows the 
detelopment of a recognisably epithelial 
pattern, x ISO. 



* p 1 groivth of this intra arterial tumour has localK e'spanded the \es=el. 

GWdular structures occupy the peripheral part of the grouth, while the central 
part eonsi-ts of \ascular oonnccti\e ti-v-.ue stroma, x Of) 
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EXPERBIENTAI. PUUIONAHY OEDEMA 01' 
NERVOUS ORIGIN 

G. R. Camf.p.o>* and S. N. Dn 

Department oj Morbid Anritomp, Utnvrr<^it<i CoUr^c Hospital 
^Icdical School, London 

(Plate LXXXVl) 

While engaged in an experimental study of hydrocephalus hc hit 
upon a device which proved Tcmarkaljly successful in producing 
acute oedema of the lungs. The method depends upon the cisternal 
introduction of freshly prepared fibrin mixture through the foramen 
magnum, whereupon the animal either dies at once through respiratory 
collapse or becomes dyspnccic and passes into acute pulmonarv' oedema 
within 3-10 minutes of injection. We present evidence in tliis paper 
that the underlying mechanism of the oedema is neiwous in origin. 
One of us has briefly referred to the method in a lecture (Cameron, 
1948) and we have communicated a summary^ of the earlier results 
to the Pathological Society of Great Britain and Ireland in July 1948. 


ItlirraoDS 


The procedure was successful with rats and rabbits tmd quite likely could 
be appbed to other experimental ammals, though wo have had no experience 
with these. Under light open-ether anaesthesia for rats and intraperitoneal 
Nembutal anaestbesia followed by ether for rabbits, the fur was removed with 
chppers from the posterior surface of the neck and head, the atlanto-occipital 
gap defined and the fibrin mixture injected slowly into the basal cistemm by 
means of a 1 or 5 c.c. syringe fitted with a short bevelled needle If the 
rate of injection was too rapid, the animal stopped breathing at once and 
seldom recovered ; occasionally the prompt application of artificial respiration 
would re-start natural breathing and the sequence of events follow the same 
course as with slow injection of the fibrin. The fibrin was prepared, by mixing 
four parts of fibrinogen diluted 1 in 10 in sterile distilled water with one part 
of thrombin diluted 1 in 5 in sterile normal saline immediately before nse, 
0-2 ml. of the rmxture being injected intracistemally into rats and 3 ml. into 
rabbits. AS e wish to thank Dr Kekwick of the Lister Institute for a generous 
supply of these substances. 


AVe also injected by the same route in the case of rats fresh rat blood, 
eparinised and non-heparinised, and human plasma and fibrinogen and thrombin 
one, normal saline and particulate suspensions such as India mb and colloidal 
yM mto both rats and rabbits. Doses comparable with or greater than those 
fibrin mixture were employed, and experimental procedures were 
care j standardised in all instances. Since the duration of the experiment 
was s ^ ort, we generally took no special precautions about asepsis, although in 
some instances we controlled this factor and assured ourselves that it is of no 
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importance. Finally we injected human and rat serum, plasma, fibrinogen 
and thrombin intraperitoneally and intradermaUy into rats in order to make 
sure that none of these procedures induced pulmonary oedema by absorption 
from the tissues into the blood stream. Tliese control experiments are necessary, 
for Green and Stoner (1947) have shown that thrombin injected intravenously 
gives respiratory phenomena not unlike those recorded by us, although they 
used much larger doses than oius. Our control experiments gave no evidence 
of the passage of thrombin into the blood after intracranial injection ; moreover, 
the disturbances we describe developed in heparinised as well as non-heparinised 
animals, a point of fundamental difference between Green and Stoner’s experi- 
ments and ours. 

For the investigation of circulatory changes we recorded pressure variations 
within the right auricle and the left carotid artery concurrently by the kymo- 
graphic method. Rabbits alone were used in tbis work. They were heparinised 
by the injection into an ear vein of 1 mg. heparin dissolved in 3 ml. distilled 
water prior to ansEsthesia. The right lower external jugular vein was exposed 
and cleaned of all fat and its tributaries were divided between ligatures. A 
narrow plastic tube of 1 mm. internal and 1-8 mm. external diameter, Idndly 
given to us by Dr Sheila Howarth, was introduced into the vein and passed 
towards the heart for a distance of about 6 cm., being fixed in situ by means 
of a stout thread. Previous experiments had shown that this distance ensured 
certain catheterisation of the right auricle. In every case we verified the 
position of the catheter in the auricle at the end of the experiment. The 
remarkable constancy of pressures so recorded from animal to animal also 
suggests that the method was satisfactory. The proximal end of the catheter 
was attached by narrow nibber tubing to a manometer containing normal 
saline and pressure variations were obtained by means of a light hollow ebonite 
float with an almrunium stylet. The left carotid artery was then canularised 
in the usual fashion and its pressure recorded by means of a mercury manometer, 
float and stylet, the rubber tubing connecting the arterial canula and the 
manometer being filled with normal sahne. Tlie animal was maintained m the 
horizontal position throughout the experiment. 

Respiratory movements were recorded by winding a pneumatic cuff roimd 
the lower part of the chest, its nozzle being attached by rubber tubing containing 
air to a manometer filled with normal saline. A stylet connected to an electrical 
chronometer recording every five seconds was adjusted to the lowest level of 
the kymograph paper. 

In ^ some experiments, both vagus nerves were gently isolated from the 
posterior aspect of the carotid sheaths and divided between ligatures at the 
middle of the neck after the pressure recordings had been going on for some 
minutes and shortly before fibrin injection. When rats were used for vagotomy 
observations, we found that it was best to divide one vagus before cisternal 
injection and the other immediately after completion of the injection, since 
the rat tolerates simultaneous double vagotomy poorly 

For reasons which we shall give later, it was necessary to study the effects 
on the circulation of tracheal obstruction and pulmonary embolism. To produce 
obstruction, the trachea was gently dissected from its surrounding tissues and 
a strong thread was slipped around it and steadily tightened while vascular 
and respiratory pressures were recorded in the manner already described. 
Pulmonary embolism was produced by injecting intravenously a suspension 
of potato starch granules prepared by the method of Dunn (1919-20). Five ml- 
of this suspension sufficed to give severe 'obstruction of the pulmonary vessels, 
with death in 5-10 minutes. ^ 

At the termination of each experiment the chest contents were carefuUy 
examined, lungs and heart bemg removed after the trachea had been ligatured. 
The heart was separated and its cavities opened and cleared of blood, washed 
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mil blottcsl (In-, nnd flio hinc : Iw-nrt wcidit ratio dctcrminod. In many 
instance?^ histological studies of the Uinps were enrriod out after fixation of tho 
tissue in 10 jkt cent, fomiol-calinc, jvtmfiin embedding, and ataining of poet inna 
6 ;i thick with Khrlich'.s neid hnunatoxylin and co-'in and Weigorta iron 
hematoxylin and Van Gioson. O'hlcmn finid was gently aspirated from^ tlm 
trachea, centrifuged, and its protein content kindly cstimate<l for us In- Dr K. K. 
Clieng, using tJic micro- method described by Ilimingfon and Bickford (1047).^ 

Finally wo studied the distribution witbin tbo cranial cavity of tho fibrin 
mixture by adding to it n little iron ninmonium citrate and potassium ferro- 
cyanide. After injection of this mixture the brain was removed and fixcxl 
in one per cent, hydrochloric neid in ten per cent, formol-salinc, which showed 
up tho fibrin vividly b(x;auso of the formation of prussian blue. Thick paraffin 
S(X!tions at various levels of tho hind brain cnnblcrl us to trace the course of the 
fibrin-prussian blue mixture throughout tho vcntriclcjs and their rcKJCsscs. 

Details of the drugs uscjd in our experiments nro given in the appropriate 
sections. 


Results 
T^iC phenomenon 

Fifteen of IS rats injected intracistemally witli 0-2 ml. fibrm- 
forming mixture developed acute pulmonary cedema, tbe remaining 
three dying immediately after the injection. All of a group of nine 
rabbits receiving 3 ml. fibrin mixture showed cedema of the lungs. 
The phenomenon occurred in beparinised as well as in untreated 
animals. 

The animals showed a characteristic behaviour. Even before 
completion of the injection the voluntaiy muscles went into tonic 
contraction, the body became a little flexed, the hairs became erect 
and quivered, and the eyes bulged and the pupils dilated widely. 
Sometimes \uine and fseces were discharged. After 1-5 minutes the 
body relaxed completely and profuse frothy fluid gushed from the 
nose and mouth just before death ; in the less serious cases this did 
n(3t occur, although the lungs of such animals became distended 
■with (edema fluid. One or two deep inspirations preceded a prolonged 
period of apnoea in rabbits ; rats showed a deep inspiration at once 
after injection, which was followed by severe and rapid gasping 
respirations, terminating with the outpouring of oedema fluid. 

On opening the chest, the typical picture of severe acute pulmonary 
cedema was found, identical in its macroscopic appearance with that 
after gassing with phosgene. The lungs filled the chest and failed 
to collapse. They overlay the heart and were mottled, especially 
posteriorly, with dark red patches of congestion and hmmorrhage. 
On section, the cut surfaces poured out pink or dark red fluid. The 
larger air spaces were fiUed with a similar fluid. The edges of the 
ungs were often emphysematous, and the main vessels to the organ 
appeared to be distended with fluid blood. Dilatation of the cavities 
ot the nght heart was a common finding. The lung ; heart ratio 
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Microscopical examination shows that most of the air spaces are 
fiUed ■with a homogeneous eosinophilic exudate rich in protein and 
containing a variable number of red blood corpuscles. Some alveoli 
may be plugged completely -with these cells so that the septal capillaries 
are obscured ; in others fluid plasma predominates and corpuscles 
are found with difficulty. The pulmonary blood vessels, large and 
small, are usually distended -with blood corpuscles, but no e'vidence 




Fig. 1. Kymographio tracing of respiration (R), carotid arterial pressure (C.P.) 
and right auricular pressure (A.P.) in a rabbit before and after cisternal injection 
of 3 c.c. fibrinogen-thrombin mixture. Arrow indicates time of injection of 
mixture. 

of injmy or breach of vessel walls is found even after prolonged 
search.^ A striking feature is the tremendous distension of the peri- 
bronchial and perivascular lymphatic spaces : this too is reminiscent 
of phosgene oedema. No doubt this structural abnormality is associated 
with a greatly increased flow of lymph from the lungs as has been 
recorded by Drinker ( 1945 ) and Cameron and Courtice ( 1946 - 47 ) in dogs 
exposed to various noxious gases. Damage to bronchial epithelium 
or excessive mucus production is not apparent. The protein content 
of oedema fluid collected from 2 rabbits and 4 rats ranged between 
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4.7 .„,1 5.5 ,»r cent, after cenlritusmg ont lltc cellr 

mdicatc tlmt the (lukl is nlmost irare plasma. • „i,„ormallv 

rth reason that the hmi: ca,,iHarioa had ra,,ldly > 

poraieaWe to vroteins ns the result of the “P”" "5" 

Meed, it looks as if some of the vessels had »•'■=." 'd vho'o W™" 

escape, altliougli there is no sign of rupture o luncs 

miile these changes vere moving to t ier thmax m the lungs 
the circiilatorv system was displaying interesting reactions. 

• ^ • ♦••rNtVl tV 


carotid arterial pressure at once 


increased from the normal range 



of SO-120 mm. Hg. by 20-50 mm. and 
usually persisted at tliis high level for 
a variable time, falling gradually to 
subnormal levels and eventually to zero 
at death (fig. 1). In two rabbits, how- 
ever, arterial pressure fell hy S-S mm. 

Hg. for about 10 seconds after fibrin 
injection before rising to the maximum 
level, while one animal showed no rise 
but a steady decline in pressure through- 
out the experiment. T^Ieanwhile the 
right auricular pressure, which normally 
lies between — 70 and — 130 mm. saline, 
increased gradually to between -|-40 
and -{-80 mm. saline and persisted at 
this level till death. The charts display 
clearly the variations in respiratory 
movements described above. 

Our control experiments included 
the intracistemal injection of human 
and rat plasma, serum, heparimsed 
blood, normal saline, thrombin solution 
(diluted 1 in 5) and fi^brinogen (1 in 10), 
into both heparinised and non-heparin- 
ised animals, and it will suffice to state 
that in no instance did we encounter 
pulmonary oedema. A further valuable 

control experiment was performed by 2 . KymograpHc tracing of 

accident when we injected into two respiration (K), carotid pressure 
rabbits the fibrin-forming •mixture to 
which had been added a rather large 
amount of prussian blue reagent. This 
mixture failed to coagulate after its 
introduction into the cranium and no 
pulmonary oedema was found after death, l^evertbeless, respiratory 
responses and pressure changes in the carotid artery and right aimcle 
developed in all controls as in rabbits with oedema of their lungs 
(fig. 2). The significance of this observation will be discussed later. 



(C.P.) and right auricular pressure 
(A.P.) in a rabbit before and after 
cisternal injection of 3 c.c. normal 
saline. Arrovr indicates time of 
injection of saline. 
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Pulmonary oedema also developed after the intracisternal injection 
of whole blood, human or animal, if coagulation was not prevented, 
and after injection of particulate suspensions such as India ink. 
Results were variable, but the mechanism seems to he very similar 
to that concerned with fibrin. , ■ 

The outcome of these experiments is that we were able to produce 
a quickly developing, often fatal variety of pulmonary oedema by 
introducing into the cisternaj around the brain insoluble suspensions 
or particulates. It seems unhkely that any of the introduced material 
was absorbed into the blood stream during the short time which 
elapsed between its injection and the appearance of oedema, while 
there is evidence that in the case of fibrin-forming mixture none of 
the components (fibrinogen, thrombin, fibrin) injected into extra- 
cranial tissues such as the peritoneum, even in much larger amounts 
than we used for cisternal injection, induced oedema of the lungs. 
The stimulus for oedema production thus appears to be connected 
with the cranial contents, most probably the brain. 

A neurogenic origin of the oedema 

That we may ascribe this form of pulmonary oedema to a central 
nervous origin seems to follow from the results of experiments in 
which both vagi were divided shortly before injecting fibrin intra- 
cisternahy. Eight out of nine rats so treated failed to show anj' 
oedema of their lungs when examined 15-30 minutes after injection, 
nor did they display climcal symptoms indicative of acute lung 
impairment. The ninth rat died immediately after cisternal injection 
and its lungs appeared to be normal. Ten rabbits were also investigated, 
using the same technique, pressure recordings being made on them. 
Six rabbits died after the usual interval. They displayed the same 
type of respiratory and blood-pressure reactions as animals with 
intact vagi, their carotid pressure rising and then faUing, while their 
right auricular pressure rose steadily and persisted at a high level 
(fig. 3). 

The effects of vagotomy can be seen in the charts before fibrin 
was injected intracisternally, being manifested as a shght transitory 
fall in arterial and auricular pressures, and by slowing and sometimes 
deepening of respiration. In none of these six rabbits was there 
any evidence of pulmonary oedema : the other four developed transient 
apnoea, but breathing was soon resumed, though of a slower and 
deeper character. Their carotid pressure fell below normal for a 
short period, then rose 30-50 mm. Hg. above the original level, 
remaining high in three cases for ten minutes, when they were killed. 
The fourth rabbit s carotid pressure returned to the normal range 
within six minutes of the initial injection. The right auricular pressure 
of aU four animals rose as in non-vagotomised rabbits, though not to 
the same extent. None of the four showed oedema of the lungs. 
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^luch the panic rc‘^viUp ^\c^o ohlainod in rats prc-incdicatcd with 
atropine Fulphatc (0"2.1 inp. per 200 g. rat intrapcritoncally). which 
paralvscs the vacal nerve endings. Xine ont of the ten rats so treated 
15 minutes hefore lihrin was injected into the cistcrn.'o failed to develop 
pulmonary cedoina ; one showed fairly severe oidcina. Large doses 
of cocaine hydrochloride (40 ing. per 200 g. rat adininislcied intra- 
pcritoncally) also gave astonishingly good results, 1.3 of 1.5 rats showing 
no cedema ; the same amounti of cisternal fibrin produced oHlcnia 



Fig. 3. — Kymographic traemg of respiration (Rj, carotid pressure (C.P.) and right 
auricular pressure (A.P.) in a rabbit before and after double vagotomy (trvo 
arrows) followed by cisternal injection (one arrow) of 3 c.c. fibrinogen-tbrombm 
mixture. 

with great regularity in untreated rats. It is possible that this effect 
of cocaine was due to depression of the nervous system, but we are 
still vague about the mode of action of the drug. 

These experiments show that if the lungs are released from their 
vagal connections with the central nervous system their blood vessels 
are no longer vulnerable to certain stimuli which influence fluid 
exchange across”their endothelial membranes. 

We have tried to discover a structural explanation for this type of 
neurogenic cedema by studying the distribution of fibrin mixed with 
Prussian blue after its introduction into the basal cisterns. The 
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blue fibrin clot extends as a film on the sides of the brain stem, which 
thickens when it reaches the cisterna pontis and interpeduncularis 
(fig. 4). It stretches along the lateral recesses and forms a mass in 
the fourth ventricle below the tufts of the choroid plexus, conforming 
to the shape of the ventricular floor. Thick sections at appropriate 
levels show that the fibrin clot coats the surface of the vagal nuclei 
where these bodies project into the fourth ventricle (fig. 5), and it is 
possible that stimufi may be initiated by the fibrin- vagal nucleus 


< 

Z 

tu 

Q 

ul 

O 






Fig. 6.— Rise of cerebrospinal fluid Fig. 7.— Rise of cerebrospinal fluid pressure in rabbi 

pressure m rabbit after cisternal injec- after cisternal injection of 3 c.c. normal saline. 

tion of 3 c.c. fibrinogen-thrombin 

mixture. 

contact. But the clot also extends into the aqueduct of Sylvius and 
along the third and lateral ventricles, while a very thin film may 
sometimes be tranced across the sides of the cerebral hemispheres. 
Apparently there is no extension of fibrin along the perivascular spaces 
into the brain substance. Though it is tempting to refer the mechanism 
of cedema production to the vagal nucleus and to see in the contact 
between nucleus and fibrin a mechanical basis for the phenomenon, 
it must be admitted^ that the idea is no more than conjectural ; the 
widespread distribution of the clot allows of a number of alternative 
hypotheses which we have not been able to test. One possibility, 
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ho\\cvcr, can bo cxcludctl. There i‘’ n general iinprc'^'^ion amongst 
clinicians that a sudden ri«e of intracranial pressure may precipitate 
an attack of acute pulmonary mdema and indeed there is experimental 
endence that this is correct (Benassi, 1037). ^^c have recorded the 
cerebrospinal jircssnrc of rabbits after cisternal injection of the 
fibrinogen-thrombin mixture and of corresponding amounts of normal 
saline. Pressures were noted at short intervals by means of a lumbar- 
puncture needle inserted into the subarachnoid space of the lower 
lumbar spine and connected to a .‘^aline manometer. Fig.s. 6 and 7 
depict two tj'pical experiments. Pressure variations were almost 
identical after both types of injection, yet one (the fibrinogen-tlirombin 
mixture) led to pulmonarj' oedema and the other (saline) gave no 
such response. Obviously a rise of intracranial pressure cannot be 
blamed for the neurogenic oedema of the lungs Avhich is a sequel to 
cisternal injection of fibrin. 


The mechanism concerned in neurogenic fibrin oedema 

Our efforts to find out the mechanism concerned in fibrin oedema 
include studies of the effects of severe tracheal obstruction, pulmonary 
embolism and certain drugs. Some investigators of pulmonary 
physiology (Short, 1944 ; Drinker, 1945) maintain that anoxia, 
especially when prolonged, is an important factor in the production 
of pulmonary oedema and this possibility must be considered as part 
of our problem, since vagal stimulation leads to bronchial constriction 
with diminution of the airway to the lungs and presumably some 
degree of anoxia. Evidence for an association between fibrin oedema 
and vagal function has already been given. However, we found no 
trace of pulmonary oedema in rabbits even after extreme tracheal 
obstruction for periods of time comparable with those concerned in 
fibrin oedema. Yet arterial and right auricular pressure variations 
were identical in the two cases. 

We also wondered whether nervous factors might bring about 
lung oedema through interference with blood flow or pressure within 
the pulmonary vessels, despite the many imcertainties which still 
prevail about this subject (Daly, 1933 ; Cameron, 1948). But the 
most severe degrees of pulmonary embolism produced by injecting 
starch gramdes into the veins gave no evidence of oedema, although 
the catastrophic fall of carotid arterial pressure associated with a 
corresponding rise of right auricular pressure and an empty left heart 
at autopsy indieated almost complete interruption of pulmonary 
blood flow (fig. 8). EinaUy we tried to produce oedema by stimulating 
t le peripheral ends of both vagi electrically, but in this endeavour 
we were unsuccessful. 


Discussiox 

"Die mam contribution of our investigation is the demonstration 
that a rapidly progressive type of pulmonary oedema follows intra- 
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Cisternal injection of a variety of unrelated substances, chief amongst 
which IS fibrm. We have shown that the stimulus for oedema produc- 
lon arises within the central nervous system, for the initiating 
substances do not produce their effect when introduced extra-craniaUy 
for mstance, into the peritoneum, and they cease to be active when 
o h vagus nerves are divided. It would appear that stimuli streaming 
from the central nervous system exert an action on the capillaries 
ot the lungs whereby the normal equilibrium between hydrostatic 
pressure osmotic pressure of blood plasma and tissue pressure is 
disturbed and plasma or even whole blood is poured out in large 


4 - 


R 



(rpTbe°for''n^d*tfteri 


Tr''e?aormnS" T T"'"’ life by acute asphyxia. 

The exact mode of action on the cerebral tissues has not been 
discovered, though we favour mednllin’Tr ^ a.- 

tte region’of th/dorsd nXus ofthe ^ 

of the .atonal and its 

sngg^ that the effect may be a much more complex one and that 
a mdely topersed action m the neighhourhood of the Tentricular 
system of the bram cannot be excluded 

Even more dMoidt is the analysis of the peripheral action of st imuli 
streammg from the hr^ to evoke the circulatory disturbance within 
the lungs. Can this be a direct action on the lung vessels, a truly 
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ivetirogenic effect mediated by the liberation of hormones from nerve 
endings, or is the process secondary to disturbances of other functions 
of the lungs, especially oxj’gen exchange ? More important still, 
can the puhnonarj^ rodema be referred to circulatory failure because 
of vagal action on that system 1 Unfortunately this aspect of the 
problem stiU suffers from many obscurities (see Cameron, 1948, for 
discussion) ; indeed, it is almost impossible to separate the circulatory 
and pulmonary complexities of lung oedema, but we believe that a 
case can be made out against a primary anoxic effect and a circulatorj’ 
disturbance. 

1. We have shown that severe respiratory obstruction, pushed 
to the extremes of asphyxia for a period of time equivalent to or even 
greater than that in action during the experimental neurogenic oedema 
resulting from intracistemal injection of fibrin, does not give lung 
oedema. This agrees with the observation that animals and man 
subjected to very low oxygen tensions do not develop oedema of the 
lungs (Van Liere, 1942 ; Gibbs et al., 1943). 

2. Neither respiratory records nor recordings of arterial and 
auricular pressures differ in animals which develop oedema after 
fibrin has been injected intracistemally or in those which show no 
oedema after the same procedure. 

3. Vagotomy prevents oedema firom developing, but does not 
interfere with the rise and fall of carotid pressure and the steady rise 
of right auricular pressure. In other words, oedema appears to be 
independent of what is going on in the pulmonary and systemic 
circulations. 

4. OEdema conamences very soon after the initiating stimulus has 
been set going, at a time when both arterial and auricular pressures 
are increasing and pulmonary circulation is being maintained. This 
suggests that it originates independently of any serious interference 
with the flow of blood through the lung capillaries. 

For these reasons we are forced to consider the possibility of nerve 
stimuli which act dhectly upon the lung capillaries, making them 
more permeable to the plasma proteins. Evidence for a nervous 
factor which may influence permeabihty of blood vessels in general 
is scanty and too often contradictory ; we know of no satisfactory 
proof of such a principle in the case of the lungs. We have considered 
the possibility of acetylcholine being responsible for such an alteration 
in permeability because of its established position in the humoral 
transmission of parasympathetic nerve impulses, but apparently there 
is no reason for associating this compoimd with permeability increase. 
The recent investigations into the mode of action of drugs such as 
the fluorophosphonates which inhibit or destroy cholinesterase and 
lead to prolonged overactivity of acetylcholine within the animal 
(Adrian, Feldberg and Kilby, 1946 ; Dixon and Needham, 1946 ; 
Gaddum and Wilson, 1947) have not included pulmonary oedema 
among such toxic effects. One of us had the opportunity of studying 
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the pathological changes associated with fluorophosphonates during 
the late war and can vouch for the absence of acute oedema of the 
lungs. The pharmacological experiments of Coelho and Eocheta 
(1933) also gave results in agreement with the above, since these 
workers introduced huge amounts of acetylcholine into the pulmonary 
artery of dogs without traces of oedema appearing. Dogs, too, tolerate 
large doses of histamine administered intrapulmonaUy (Coelho and 
Eocheta). Indeed, the action of this compound on the lungs is 
comparatively slight and there is no reason to associate it with 
permeability changes therein (Drinker, 1948). These observations 
may be of some importance in narrowing the field of possible causes 
■of increased capillary permeability. 

Clearly further investigations are needed ; for the time being 
we must be content with a neurogenic hypothesis for the type of 
oedema we have been studying. 

SuMMABY 

Acute pulmonary oedema can be produced experimentally by 
cisternal injection of a fibrin-forming mixture. Whole blood or 
particulate suspensions such as India ink give similar though less 
constant effects. Eecords of the respiratory excursion, carotid blood 
pressure and right auricular pressure show that these undergo similar 
changes after severe tracheal obstruction, pulmonary embohsm with 
starch granules and cisternal injection of fibrin with or without 
bilateral vagotomy, but only the last of these procedures is followed 
by acute pulmonary oedema. These results suggest that neither 
asphyxia nor mechanical disturbance in the pulmonary circulation 
plays any part in the genesis of the oedema. The stimulus for oedema 
production arises within the central nervous system, for the irritants 
cease to be active when they are injected extracisternaUy, when 
both vagus nerves are divided or their endings paralysed with atropine, 
or when cocaine is administered before the cisternal injection. The 
increased cerebrospinal fluid pressure which follows the cisternal 
injection is not the oedema-producing stimulus. It is suggested that 
the permeability of the lung capillaries may be modified by the outflow 
of stimuli from the brain stem by way of the vagus nerves whereby 
plasma leaves the pulmonary vessels on so large a scale as to induce 
oedema of the lungs. 

We wish to thank Dr R. A. Seneviratne for preparing our diagrams and 
IMr F. J. Crew for valuable assistance in the experiments. ' 
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THE IDENTIFICATION OF CLOSTRIDIUM (EDEM- 
ATIENS AND AN EXPERBDENTAL INVESTIGA- 
TION OF ITS HOLE IN THE PATHOGENESIS OF 
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Technical obstacles to the study of anaerobes, though not inherently 
serious, are troublesonae enough to have curtailed or delayed the 
investigation of many important anaerobic infections. This is 
particularly true of Cl. cedematiens infection, because the organism 
is not only more exacting in its gro^rth requirements than Closlridhim 
wdchii, but is also much more difficult to identify ■with precision. 
Por this reason among others, infectious necrotic hepatitis (“ black 
disease ”) of sheep, although described in AustraKa by GUruth as 
early as 1910, was not thought to be associated with Cl. cedematiens 
until Albiston (1927) suggested this organism as the bacterial cause. 
It had pre'viously been known, however, that infestation -with the 
liver fluke, Fasciola hepatica, was in some way necessary for the 
production of the disease (Dodd, 1918a and b, 1921). In Great Britain, 
adematiens infections in animals were rarely reported (Bosworth and 
Jordan, 1929 ; Roberts and JIcEwen, 1931 ; McEwen, 1931), although 
a condition known for many years in the north of Scotland as “ watery 
braxy ” of sheep was shown to be black disease (Jamieson et al., 194;8). 

The purpose of this paper is to record studies of the strains of Cl. 
cedematiens isolated from the lesions of black disease, the latent 
distribution of the organism in different hosts and the experimental 
reproduction of the disease. 

TeCHNICAI. ilEXHODS 

Strains. Seventeen strains of Cl. cedematiens isolated from tbe hepatic lesions 
of black disease rrere examined in detail. Twenty-eight strains obtained from 
the liver of apparently healthy sheep, cattle, rabbits and one crow were less 
fully investigated. Three type-A strains from human and bovine hosts, C.X. 637, 
C.N. 1780 and C.X. 929 from the Wellcome Laboratories’ collection, were 
3. rxrn. UAcr. — ^ tol. lxi 
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compared ■with the newly isolated strains. The most effective method of 
isolation was to inoculate Robertson’s cooked-meat medimn with material 
taken from the edge of a necrotic hepatic lesion, i.e. from the region of the 
leucocyte barrier between the necrotic lesion and normal liver tissue, Porty- 
eight-hour cultures in this medium were then inoculated into a series of glass 
tubes about 15 cm. long and 5 mm. in diameter containing Weinberg’s “ viandl- 
foie ” (V.F.) agar, as described by Turner (1930).* Each series covered a range 
of tenfold dilutions to 10“° and pure cultures were usually obtained from the 
highest dilution showing gro'wth. 

Identification by toxin-antitoxin tests on solid media. The irregularity of 
gro'wth on solid media of Gl. oedematiens recently isolated from animal hosts is 
well kno'wn, but toxin-antitoxin tests on solid media can be used at an early 
stage of identification. Tt was found that a method based on the recommenda- 
tions of Petrie and Steabben (1943) was higlily successful. The method was 
modified so that the colonies grew immediately below the surface, and the 
antitoxin concentration was reduced from 75 to 4 I.XJ. per ml. of medium. In 
a positive test (fig. 1) the colony is surrounded by irregular zones of varying 
opacity. 

Media. Various media were examined for their ability to support good 
continuous gro'wth of subcultures. Proteose-peptone 2-5 per cent, with 0-5 per 
cent, glucose in distilled water proved the most consistent and reliable. The 
medium was used in 100-ml. quantities, freshly autoclaved. Optimum gro'wth 
was observed between pH 8 and 7-8 ; outside this range results were poor. 
During growth of the organisms the pH of the medium fell at a rate roughly 
proportional to the speed of gro'wth, e.g. from 8-0 to 6-4 in liver-saline medium 
■within 4 days. 

Fermentation reactions. The method which proved most useful was that of 
Reed and Orr (1941). Tubes with 5 ml. of their semi-solid proteose-peptone 
medium containing 1 per cent, of fermentable substrate were inoculated from 
a vigorous 48-hour proteose-peptone culture and incubated at 37° C. for two 
days in a McIntosh and Fildes jar. All strains produced acid in glucose and 
some produced acid in maltose. Lactose, sucrose, mannitol, salicin and glycerol 
were not changed by any of the strains examined. 

Spore suspensions. Bacterial suspensions in which 80 per cent, of the 
organisms carried spores were obtained by alternate pasteurisation and sub- 
cultme. The procedure was to heat cultures in Robertson’s cooked-meat 
medium at 100° C. for 3 minutes and transfer 0-05 ml. to a fresh tube containing 
10 ml. of the same medium which was then incubated at 37° C. for 4 days in 
a McIntosh and Fildes jar. From this, spore suspensions were prepared in 
bulk by using the 10 ml. of 4-day culture to inoculate 500 ml. of the same 
medium. This was incubated for 4 days at 37° C. in the anaerobic jar and allowed 
to stand for 14 days on the bench at room temperature. The spores were 
washed free from toxin by centrifuging thrice -with glass-distilled water, and 
the deposit was suspended in saline to give an opacity four times that of Bro'wn’s 
tube no. 10 and heated for 30 minutes at 80° C. to kUl vegetative forms. The 
total spores were coimted by Breed’s slide method and the number of viable 
spores ■was estimated roughly by inoculating 0'06 ml. of serial dilutions do'wn 
to 2 into 10 ml. of cooked-meat medium. The s'uspensions were stored in 
the cold at ±5° C. and remained viable for at least 6 months. 


Lecithinase differentiation 

Preliminary identification. The differentiation of Gl. oedematiens from other 
anaerobes and types A and B from each other by their production of specific 
lecithinase was described by Oaldey et al. (1947) and their methods were largely 


See appendix for details of preparation of the medium. 
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used in tlio present work, ^^^lon the cultures imdcr investigation had been 
brought to a reasonably pure state a prcliminaty identification test bxsed on 
lecithinase production proved successful. The test consisted of the titration 
of supernatant fluids or filtrates of the culture against n single dilution of 
adematiens anti-^ and anti-y sera and of ircic/iit anti-a scrum. One ml. of the 
filtrate -was mixed with 1-0 ml. of saline, and 0-5 ml. of locitho-vitclhn (L.'V.) 
suspension was added. A control tube was set up with 2’0 ml. of salino and 
0-5 ml. of L.Y. suspension. Both tubes were placed in a water-bath at 37° C. 
for one hour. The presence of a lecithinase was indicated by tho development 
of opalescence in the tube contaming filtrate but not in the salme control. 

To identify tho lecithinase present, I'O ml. of the filtrate was then added 
to three tubes containing 1-0 ml. of antiserum diluted to contain 20 umts 
respectively of ccdcmaticns p and y antitoxin and of tcclchti a antitoxin, and 
after half-an-hour at room temperature 0-5 ml. of L.Y . suspension was added 
and the tubes were incubated at 37° C. in the water-bath for 1 hour. The 
possible results and their interpretations are given in table I. 


T.4BI.E I 

Possible results from viethod oj preliminary testing for 
specific lecithinases 


PvC^lt 

no 

Tnbe I 
tadematiem 
anti-y “cram) 

Tnbc2 
(aedemahent 
anti & «cnitn) 

I 

Tube % 

{tctlchit 1 Probable Icoithina'c In filtrate 

' anti ct ecrum) ‘ 

' . . 

1 

, ^ 

t 

, i 

1 

1 — i (Edcmatkns y (typo A) 

2 

JL. 

1 — 

1 - 1 » § B) 

3 


j- 

1 — i TTcJcAii a 

4 



-1- , Possifaihty of Cl. Jiamolyiicum or 

1 other 'bacterial species (Oakley 

1 ct ah, IG-IT ; JfcGaughev and Chu, 

j 1948) 


— = opacity m I,.Y. suspension 

— = no opacity in L.Y. suspension 


For the present work further tests were devised for confirmation of type 
lecithmase and to estimate the variation of lecithinase production in different 
media. 

Type lecithinase confirmation tests. The range of antiserum dilutions in 
confirmation tests to diflFerentiate cedematiens types A and B depends on the 
dilution used in the preliminary lecithinase identification test, which in the 
present examinations was 7-5 units of f antitoxin. 

Test 1. Titrations were made with 1-0 rhl. of filtrate against 7-6, 5-0, 2-0, 
1-0 and 0-1 p umts of antitoxin. After these had stood on the bench for half- 
an-hour, 0-5 ml. of L.Y. suspension was added as indicator to each tube and 
the tubes were placed m a water-bath at 37° C. for exactly one hour, after which 
they were examined for opacity in the usual way- 

Test 2. In test 1, the first dilution of antiserum showing opalescence was 
usually in the range l-O-O-l p unit. The actual figure was used as a guide in 
preparing a further range of dilutions at closer intervals. This procedure was 
repeated tvnee with two sera : 0-5 ml. of L.V. suspension was added to each 
serum dilation and the rest of the procedure carried out as in test 1. 

Tost 3. From the results of test 2 a close range of dilutions of filtrate was 
made and titrated against a constant antitoxin dilution of 0-1 S unit. The 
&trate dilutions ranged from 1-5 to 0-10 ml., an example of the usual spacing 
heing 0-4, ^6, 0-2, 0-15, and 0-10. These tests were replicated with two S 
anti=era, R.X. 5325 and EX.. 117 . 
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L.V. suspension prepared on the w/v basis recommended by McGaughey 
and Chu (1948) proved most reliable. Filtrates for these examinations were 
obtained by inoculating 100-ml. amoimts of 2-5 per cent, freshly autoclaved 
proteose-peptone containing 0-5 per cent, glucose with vigorous actively growing 
cultures in cooked-meat mediiun. The proteose-peptone cultures were then 
incubated for 4 days at 37° C. in the anaerobic jar. The cultures were centrifuged 
at 7000 r.p.m. for 15 minutes and the supernatant used as the “ filtrate.” 


Lecithinase production tests 

These tests were used to determine the growth conditions for maximum 
lecithinase production. The tests involved preparation of two series of two-fold 
dilutions down to in Lambeth tubes measuring 8x0-76 cm. 

Series 1. An initial dilution of antitoxin was made to yield 20 p emits per ml. 
One ml. of this dilution was added to tube 1 of a series of ten tubes containing 
1 ml. of 0-85 per cent, saline. From tube 1 two-fold dilutions were extended 
along the series. To each tube 1 ml. of filtrate was added. 

Series 2. This consisted of a series of ten tubes each containing 1 ml. of 
0-86 per cent, saline. To tube 1, 1 ml. of filtrate was added and two-fold 
dilutions were continued to the end of the series. 

0-5 ml. of L.V. suspension was added as indicator to each tube in both series 
and the tubes placed in the water-bath at 37° C. for one hour. Readings were 
made at this interval and again 12 hours later. 


Gultivation of cercarice 

Cereariae of Fasciola hepatica were cultivated in the laboratory according 
to the technique of Taylor and Mozley (1948) and were administered by mouth 
to guinea-pigs and rabbits in gelatine capsules containing wet bran. 


Experimentai. observations 

Identification of Cl. cedematiens 

In establishing the post-mortem diagnosis of black disease of 
sheep it was necessary to prove the identity and type of strain of 
Cl. adematiens cultured from diseased hvers. Cultures were made 
as already described ; thereafter procedure and results were as follows. 

Preliminary identification. The toxin-antitoxin reactions of Gl. 
(sdematiens on the surface of solid medium have been recommended 
as a rapid and rehable means of identifying type-A strains of Cl. 
cedematiens (Petrie and Steabben, 1943 ; Nagler, 1945 ; Oakley et al., 
1947). Petrie and Steabben tested only one type-A strain, however, 
and it seemed necessary to check their observation by examining 
not only further strains of type A but also strains of type B. With 
aU my strains, 3 of type A and 17 of type B, the modified method 
proved a useful means of differentiating Gl. (sdematiens from other 
anaerobes, but it did not of course distinguish type A firom type B. 
With strains of type B isolated from animal hosts, preliminary 
identification on the surface of sohd media as suggested by Oakley 
et al. did not prove so reliable because of the uncertain growth obtained 
from recently isolated type-B strains. 
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Wlien the preliminary identification was made by examining for 
lecitlrinase activity by the methods recommended by Oakley ci aL, 
all mj’’ strains appeared to be tj'po B, with inhibition of opalescence 
by 1-0 ml. of filtrate in the presence of 7-5 units of ^ antitoxin. Further 
evidence had to be obtained, however, since Oaklej’ ct al. demonstrated 
that qualitative examination of a filtrate could not be regarded as 
proof that this contained |5 or y toxin alone ; they maintained that 
it was necessary to show in tj-pe-confirmation tests that toxin in the 
filtrate was neutralised by several sera in proportion to their antitoxin 
content. They quoted the failure of jS or y antitoxin to inhibit 
opalescence in filtrates from two strains of Cl. hmmolyticiirn before 
dilution as demonstrating the necessity for these tests. 

Type-confirmation tests. Such type-confirmation tests were accord- 
ingly applied to my strains with the results shown in table II. These 

Tabit: n 


Results of confirmatory type-keithinase tests for Cl. oedematiens 


strain 

Volume of flUratc (ml ) 
nentraUsed br 0-1 nnlt 
a antitosm 

Strain 

Volume of filtrate (ml.) 
ircutraUsed by 0 1 unit 
a antitoxin 

GlengoUy 

0-4 

B.D.J./19 

0-4 

B.D.J./1 

0-15 

B.D.J./20 

0-10 

B.D.J./2 

0-4 

B.D.J.'/21 

0-15 

B.D.J./6 

0-4 

B.D.J./25 

0-2 

B.0.J./9 

0-2 

B.D.J./26 

0-13 

B.D,J./ll 

0-7 

B.D.J./27 

0-4 

B.D.J./12 

0-8 

B.D.J.'/28 

0-10 

B.D.J./14 

0-4 

B.D.J./35 

0-4 

B.D.J./18 

0-2 

... 

... 


results show the volume of toxin-containing filtrate completely 
neutralised by 0-1 unit of ^ antitoxin and they afford proof that the 
filtrates are neutralised by antitoxic sera in proportion to their 
§ antitoxin content and therefore contain J3 toxin. This establishes 
that the strains are Cl. oedematiens type B. 


OPTEaXnU GEOWTH CONDITIONS FOE PKODDCmON 
OF LECITHINASE 

There are inherent diEfierdties in the expression of an end result 
when testing for variations in the lecithinase activity of filtrates. 
The two main difficulties are the variability of the crude L.V. suspension 
and the reduction of the final dilutions to absolute points. To over- 
come these difficulties methods were devised which had the advantage 
that the test filtrate was examined simultaneously in the presence 
and in the absence of antitoxin. As the strains were shown by the 
type-confirmation tests to belong to type B, it was sufficient to include 
a single tube with 150 umts of oedematiens y antitoxin and 1 ml, of 
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• The failure of y antitoxin to neutralise the reactions shows that the mlematiens strains are not of typo A 
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filtrate. Since this large amount of y antitoxin did not inhibit their 
lecithinase activity the strains could not belong to Cl cpdcmatmis, 
type A. 

Variations in lecithinase iiroduction in different media proved 
troublesome in the earlier examinations. Because of this, four strains 
\seTe examined in 7 different media \rith the results detailed in 
table III, from u'hicli it is obvious that the differences observed were 
due to growth conditions and not to strains. It appears significant 
that where growth was rapid, as in liver-saline, lecithinase production 
was barely detectable. 

H^ATtnUL rXCIDEXCE OF EATEXT SFOBES 

Brom 1945 to 1948 a survey was made in the Xorth of Scotland 
to determine the presence or absence of latent spores of CL oedematien-s 
in the liA-er of apparently liealthy sheep grazing pastures on farms 
where black disease had been diagnosed, and on farms where black 
disease had not been reported. 

Since crows and lesser gulls are attracted to sheep dead from 
black disease the survey was extended to include the liver from these 
birds. The isolation of CL (edematiens from the beaks of crows by 
Edgar (1931) and from a swan dead of a septic®mic disease (Piening, 
1932) supported the belief that latent Cl. cedematiens spores might be 
found in the tissues of birds. 

Although the number of examinations may not be large enough to 
justify more than tentative conclusions, two significant points emerge 
from the results (table IV) : fimt, tbat sheep grazing in black-disease 


Tabia; it 

The incidence of latent spores of Cl. cedematiens in the liver of apparently healthy 
animals in black-disease areas and in areas from uhich the disease is absent 
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0 1 
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1 I 
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0 1 


Rabbits 

35 

3 

86 

11 

0 ' 
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Totals 

, 123 

1 

21 

( 

171 

76 

1 

1 

I 31 ■ 

; 

l 


areas have a much higher incidence of latent cedematiens spores in 
the hver than those grazing elsewhere ; and second, that there is a 
relatively high incidence of latent spores in the liver of cattle, sugaestino- 
that black disease probably affects bovines in this country. 
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Experiments to show spore latency 

Expt. 1. Six guinea-pigs, three rabbits and one sheep were given . 
doses of washed spores of Cl. oedematiens by the routes shown in table V. 
Guinea-pig no. 3 became ill two days after receiving the spore suspension 
by mouth and died on the fourth day. Post-mortem examination 
revealed the typical appearances which foUow the ingestion of whole 
cultures of Cl. oedematiens : a congested, haemorrhagic gastro-intestinal 
tract and gelatinous effusions into the serous cavities. The dose of 

Table V 


The distribution of latent Cl. oedematiens spores in animal tissues after 
their experimental introduction {experiment 1) 


Animal 

Uouto by whicli 
spores were given 

Dose of 
spores 
(millions) 

Day of 
experiment 
on wliich 
killed 

Fres 

liver 

ence (+) o 
Cl. cedem 

spleen 

r absence (- 
aliens in 

bone 

marrow 

-)of 

muscle 

Guinea-pip; no. 

1 

Intravenous 

25 

50 

-b 

-b 



9) ff 

2 

>» 

10 

60 

-b 

-b 

- 

_ 

tf ff 

3 

Oral 

200 

4 (died) 



+ 

+ 

ff 

4 

ft 

Intraperitoneal 

100 

60 

-b 


— 

— 

ff ff 

6 

10 

50 

-b 

+ 

— 

— 

ff ff 

6 


5 

50 


+ 

+ 


Kabbit no. 1 


Intravenous 

25 

50 


+ 



„ „ 2 

, 

Intraperitoneal 

15 

60 

-b 





ft ft 3 


Oral 

100 

50 

-b 

+ 

-b 


Sheep 

• 

Intramuscular 

10 

60 

-f 

+ 


+ 


spores was certainly high, but there was no evidence that vegetative 
forms were present, and the same suspension was used intravenously 
in guinea-pig no. 2 without iU effect. All other animals remained 
well until killed. Spores were more often found in the spleen and 
hver than in the bone marrow or muscle. 

Expt. 2. Two rabbits were each given two intravenous injections 
of 2,500,000 spores in sahne with an interval of 8 days between the 
injections. Seven days after the last injection 10 cercarise of Fasciola 
hepaiica were given by the mouth to one rabbit and 15 cercariae to 
the other. Twenty-one days later both rabbits appeared well and 
they were then killed with chloroform and examined. In both there 
was evidence of liver-fluke infestation but there were no necrotic 
lesions resembling those seen in black disease of sheep. Vegetative 
bacillary forms of Cl. oedematiens were not found in smears or sections 
of the hver. Prom the hver and spleen of both rabbits Cl. oedematiens 
was isolated in pure culture. 

Expt. 3. One rabbit was given 5 milhon spores by one intravenous 
injection and another received 40 mUhon spores in a single dose by 
mouth. These two rabbits and a control which had received no spores 
were given each 25 cercarise. Ten days later the rabbit died which 
had received the spores intravenously. Post-mortem examination 
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shovred that the liver vras acutely congested and was the site of a 
single hjemorrhagic rupture of the capsule. No necrotic lesions were 
observed on the surface or in the substance of the organ. From the 
liver two immature liver flukes were recovered. Cl. ademaiiens was 
isolated in pure culture from the liver and spleen. 

At the end of 36 da 3 's the other two rabbits of the experiment were 
stiU healthy. Five million spores were now given to each rabbit 
intravenouslj’ in a single injection. Ten daj's later the animals, 
which were still healthy, were killed by chloroform. Liver-fluke 
infestation was present in each but there was no evidence of necrotic 
lesions resembling black disease. Cl. ccdernaliens was isolated from 
the liver in both animals. 

Expt. 4. A guinea-pig weighing 900 g. received toxin-free spores 
of Cl. cedemaiicns to a total of 5 million by the mtraperitoneal route. 
Spores were given on 19th, 22nd, and 29th January 1949, in doses of 
1, H and 2^ millions. Twenty daj's later (ISth Februarj’^), 25 cercariie 
were given by mouth. Eighteen daj's later the animal died after an 
illness of less than 24 hours. Post-mortem examination revealed 
the general features typically observed in sheep dead of black disease, 
namely distension of the pericardium with clear fluid, zonal congestion 
of the pylorus and the presence of clear fluid in the peritoneal cavity. 
The liver showed numerous necrotic tracks and two small necrotic 
areas about 3 mm. in length situated in a zone of congestion. The 
necrotic areas were sharply demarcated by an intense bright red 
zone. Histological examination of the necrotic areas revealed necrosed 
hepatic cells surrounded by a leucocytic barrier (fig. 2) in which 
vegetative bacilli were evident (fig. 3). No bacilli were observed in 
the necrotic tracks made by the passage of flukes. Cl. esdemafiens 
was isolated from the leucocytic barrier of these lesions. 

Expt. 5. Expt. 4 was repeated with a guinea-pig which received 
in one dose 5 milhon Cl. cedematiens spores by the intravenous route 
and, 30 days later, 25 cercarise by mouth. At the same time a control 
guinea-pig, not given spores, received 25 cercarire by mouth. The 
guinea-pig which received both spores and cercaiiEe died 21 days 
after dosage with cercaris, with the typical lesions of black disease 
as described in expt. 4. Seven days later the control guinea-pig, 
which had not received spores, was killed by chloroform ; it showed 
evidence of fasciohasis only. 


Hiscnssiox 

In tlm absence of a standard procedure and an accepted classifica- 
tion of 01. cedematiens by fermentation reactions, the value of these 
reactions K severely restricted. Turner (1930), nsinp r Weinbere’s 
V.r toth rendered angar-ftee by the g^orrth of a jSrSd 

train. ■ fermentable substrate, concluded 

that strams .solated ftom cases of black disease were disitogn^Se 
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from strains of human and equine origin by the failure of the black- 
disease strains to ferment glycerol. Scott et al. (1934) recommended 
this difference as a basis for identification, Keppie (1944), on the 
other hand, using a medium containing 1 per cent, of horse serum 
and 0-5 per cent, of fermentable substrate, found three type-B strains 
•which fermented glycerol. It is significant, ho-wever, that one of these 
strains ■was isolated from a horse and one from an ox, and that the 
origin of the third strain was unkno-wn, whereas classical t 3 ^e-B 
strains “ Gigas I,” “ Tongala ” and “ Albiston,” all isolated from 
sheep, failed to ferment glycerol. Oakley et al., using a medium 
essentially similar to that of Keppie, found that 10 of 14 type-B 
strains fermented glycerol. No information is given about the host 
origin of these strains. The fermentation reactions of my strains 
conform more closety to those of Turner than to those reported by 
Keppie and by Oakley et al. The point of interest is that all Turner’s 
strains and aU my 17 strains from sheep -with black disease failed to 
ferment glycerol. 

The rapid identification of Cl. oedematiens is more difficult -with 
type-B than "with type-A strains because of the fastidious growth 
requirements of type-B strains. The modified method of Petrie and 
Steabben proved the most reliable, and, supplemented by prehminary 
lecithinase tests, should prove invaluable in the diagnosis of anaerobic 
diseases of sheep and cattle, where mixed infections are common. 
The typing of strains by the use of specific anti-lecithinase sera proved 
satisfactory with my black-disease strains. The variation in lecithinase 
production in different media needs further investigation. Keppie, 
using the turbidimetric method of van Heyningen (1941), showed that 
■with 01 . oedematiens lecithinase production was not related to production 
of the main lethal toxin as it is -with Cl. welchii. He showed that the 
addition of extract of horse muscle and glucose were both important 
for the demonstration of even slight lecithinase production by type-B 
cedematiens strahis. My observations (table III) show that the rate 
of growth of the strains, as judged by the lowering of^H in the culture, 
is not proportional to the production of lecithinase. Thus liver-sahne 
medium, which invariably produced a low final ^H and a rapid and 
luxuriant growth, was notable for low lecithinase production. Strains 
12 and 35 generally yielded higher lecithinase levels than the other 
strains. The failure #3f lecithinase production in Brewer’s semi-solid 
medium with 0-5 per cent, agar was not surprising. In preliminary 
studies -with this medium, I often observed spurious reactions in 
duplicate parallel tests, replicated with different batches of L.V. 
suspension. Oakley et al. recommended Brewer’s semi-soKd medium 
for routine lecithinase testing, using high-speed centrifugation or 
filtration over Hyflosupercel (Johns-Mancille Ltd.) to obtain the 
filtrate. In my tests high-speed centrifugation gave obviously 
discrepant results, but these were corrected by gro^wing the organism 
in Brewer’s broth without agar, or by filtration through kieselguhr. 
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Fig . 1 . — Positive toxin — 
antitoxin reaction witli 
Cl. adematicns tj-pe B 
on solid medium. Xote 
irregular zones of varj'- 
ing opacity aroimd the 
central pin-head colony 
(natural size). 



Fig. i. — Xecrotic lesion surrounded by a barrier of leueocj-tes in the liver 
of a guinea-pig produced by experimental i-p. inoculation of adematicns 
spores followed by ccrcaria; of Fasciola hepatica by mouth. Hiema- 
toxylin and cosin. X 20. 



Fig. 3.— Higher-power ww of fig. 2 to 
show vegetative and sporulating forms of 
Cl. (Vdcwalicn.. in the leucoevte barrier 
Gram’s stain, x 1200. 



Fig. 4. — ^Lesion from natural black disease of 
sheep. Fluke track in liver ending at the edge 
of an infective necrotic lesion. H. and E. x CO. 
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Fig 5 — Lesion from natural black disease of sheep Remnants of fluke track wnthin 
an area of hepatic necrosis it Inch is surrotmded by a den=o zone of leucocytes 
(beloM ) X 60 



1 IG 6 ' egetntivo Cl ccrjcmaticns from the leucocyte 

barrier of fig 5 Gram’s stain x IflOO 



Fig 7 — Le»ion from natural black 
disease of sheep Immature fluke in 
tissue adjacent to mfectii e lesion H. 
and E. x 20. 



CL. (EDE^LVTIENS /A' BLACK DISEASE OE SHEEP 

The behaviour of strain 12 in 2-5 per cent, protcosc-peptone plus 
0-5 per cent, glucose medium suggests that other lecithinascs might 
be present for which no anti-lccithinase existed in the sera ; alter- 
natively the explanation might bo that this particular lecithinasc did 
not combine weU with the antitoxin. The lecithinasc tests which 
were devised, although not free from disadvantages, were more sensitive 
than turbidimetric estimations for CL cedanatiens and greatly reduced 
the danger of introducing other factors which might give spurious 
results. 

Since the work of Dodd (1918a and 6, 1921), when black disease 
was first shown to have a dual parasitic and bacterial origin, the 
pathogenesis of tliis disease has attracted considerable interest. 
Turner (192S, 1929, 1930) believed that the disease was brought about 
by the activation of latent spores of Cl. mdcmalicns by the immature 
wandering liver fluke. The evidence in support of this hypothesis was 
indeed weighty. Histological studies of the liver in black disease 
unfailingly demonstrated the various stages of fluke infestation as 
weU as the infective necrotic lesion, which consisted of necrotic liver 
cells surrounded by a deep leucoc 5 'tic barrier in wlrich vegetative 
baciUary forms were easily demonstrated (figs. 4-7). That black 
disease was found only in known areas of fluke infestation further 
supported Turner’s view. The discovery of latent spores of CL 
cedematiens in the liver of apparentlj' healthy sheep (Edgar, 1928 ; 
Turner, 1930) was additional evidence pointing to the probable method 
of infection. 

In his experiments, Turner activated spores of CL cedematiens 
in the liver of guinea-pigs but his experimental method did not 
establish whether, in the natural infection, it was likely that the spores 
were taken in by the fluke or were already present. He fed 8,000,000 
toxin-free spores to four guinea-pigs which, 85 days later, received 
15 cercariffi of Fasciola hepatica by mouth. Twenty-two days later, 
the animals were stfll alive. A control guinea-pig given only cercarire 
showed extensive liver damage by the young flukes. Turner concluded 
that the spore population in the four guinea-pigs was not adequate 
for production of the disease and accordingly ’bis four animals were 
each given 12,500,000 spores intraperitoneally. Within three days 
aU four guinea-pigs died. A control guinea-pig which received 
25,000,000 toxin-free spores showed only a passing indisposition, but 
recovered. On histological examination Turner recorded the marked 
necrosis along the fluke tracks and the presence therein of Cl. 
cedematiens. He stated that it did not necessarily follow that the 
spores actually grew along the fluke tracks. 

Tamer’s experiments, however, do not prove that latent spores 
of CZ. cedematiens in the hver are activated by wandering liver flukes. 

^ certain is that when toxin-free spores were introduced at 
me height of an acute fluke infestation of the hver, in an animal 
be eved to be carrying latent spores, the guinea-pigs died, and that 
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CL. CEDEMATIENS IN BLACK DISEASE OF SHEEP 

The behaviour of strain 12 in 2-5 per cent, proteose-peptone plus 
0-5 per cent, glucose medium suggc.'^ts that other Iccithinnse.s might 
be present for which no anti-lccitliinasc existed in the sera ; alter- 
natively the explanation might be that this particular lecithinnsc did 
not combine well with the antitoxin. The Iccithinasc tests which 
were devised, although not free from disadvantages, were more sensitive 
than turbidimetric estimations for Cl. ccdcmalicns and greatly reduced 
the danger of introducing other factors which might give spurious 
results. 

Since the work of Dodd (lOlSa and b, 1921), when black disease 
was first shown to have a dual parasitic and bacterial origin, the 
pathogenesis of tliis disease has attracted considerable interest. 
Turner (1928, 1929, 1930) believed that the disease was brought about 
by the activation of latent spores of CL adematiens by the immature 
wandering fiver fluke. The evidence in support of this hj’pothesis was 
indeed weighty. Histological studies of the fiver in black disease 
unfailin gly demonstrated the various stages of fluke infestation as 
well as the infective necrotic lesion, wliich consisted of necrotic fiver 
cells snrrounded by a deep leucocytic barrier in wliich vegetative 
bacillary forms were easily demonstrated (figs. 4-7). That black 
disease was found only in known areas of fluke infestation further 
supported Turner’s view. The discover}" of latent spores of CL 
ozdematiens in the fiver of apparently healthy sheep (Edgar, 192S ; 
Turner, 1930) was additional evidence pointing to the probable method 
of infection. 

In his experiments. Turner activated spores of CL cedemaiiens 
in the fiver of guinea-pigs but his experimental method did not 
establish whether, in the natural infection, it was fikely that the spores 
were taken in by the fluke or were already present. He fed 8,000,000 
toxia-free spores to four guinea-pigs which, 85 days later, received 
15 cercariae of Fasciola Jiepatica by mouth. Twenty-two days later, 
the animals were still alive. A control guinea-pig given only cercariEe 
showed extensive fiver damage by the young flukes. Turner concluded 
that the spore population in the four guinea-pigs was not adequate 
for production of the disease and accordingly -his four animals were 
each given 12,500,000 spores iotrapeiitoneally. Within three days 
all four guinea-pigs died. A control guinea-pig which received 
25,000,000 toxin-flcee spores showed only a passing indisposition, but 
recovered. On histological examination Turner recorded the marked 
necrosis along the fluke tracks and the presence therein of Cl. 
cedemaiiens. He stated that it did not necessarily follow that the 
spores actually grew along the fluke tracks. 

Turner’s e^eriments, however, do not prove that latent spores 
All ^ activated by wandering liver flukes. 

^ certain is that when toxin-free spores were introduced at 

the height of an acute" fluke infestation of the fiver, in an nuiTnnl 
beheved to be carrying latent spores, the guinea-pigs died, and that 
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on post-mortem examination vegetative forms of Cl. cedematiens were 
found along the necrotic fluke tracks. 

Certainly I have not seen a natural case of black disease in which 
vegetative bacilli were demonstrated in the necrotic tracks. It is 
significant that in the summary of a general paper on anaerobic 
infections in animals Scott et al. make the statement that black disease 
is due to the germination of latent spores of Cl. oedematiens which 
have been carried to the fiver by wandering fiver flulres. The question 
has hitherto been unanswered as to whether latent spores of Cl. 
cedematiens in the fiver can be activated by young wandering fiver 
flukes or whether the spores must be introduced after or along with 
the liver-fluke infestation. Expts. 4 and 5 of this paper show con- 
clusively for the first time that the experimental disease in guinea-pigs 
can be produced by activation of latent spores by wandering flukes, 
and that there is no need to postulate that the cedematiens spores are 
carried into the fiver by the flultes. This makes the pathogenesis of 
the natural disease much more intelligible. 

In confirmation of the earlier Australian work (Edgar, 1928 ; 
Turner, 1930), the present paper shows that 28-9 per cent, of healthy 
sheep from black-disease areas have latent spores of Cl. oedematiens 
in the fiver and that the organism was not isolated from the fiver of 
any of the healthy sheep from areas free of black disease. The positive 
findings in the fiver of rabbits, cattle and one crow in black-disease 
areas (table IV) provide supporting evidence of the association between 
black disease and the spores of Cl. oedematiens latent in the organs of 
animals. 

Histological examination of the fiver lesions from sheep with 
black disease confirms the Australian findings. The termination of a 
fluke track in a typical infective necrotic lesion (fig. 4) is evidence 
that wandering flukes activate already existing latent spores. The 
evidence indicates that when spores are activated a necrotic lesion 
is produced by the necrotising toxin liberated by Cl. cedematiens. 
The size of the lesion and the intensity of the leucocytic response 
obviously depend upon the number of spores activated, the potency 
of the toxin, whether the conditions are optimal for bacterial growth, 
and the defensive response of the animal. The diffusion of toxin 
must rapidly reduce the fining of the track and the surrounding tissue 
to a necrotic mass. The animal dies within a few hours and histo- 
logically it can be shown that the fluke track terminates in the necrotic 
lesion. 

The disease was reproduced in two guinea-pigs, into which spores 
were experimentally introduced and to which cercarise were fed after 
an interval of 21-30 days. The guinea-pigs died with the typical 
syndrome and the pathological changes associated vuth black disease 
in sheep. Histologically the lesions in the guinea-pig (figs. 2 and 3) 
were essentially similar to those of naturally occurring black disease 
(figs. 4-7). Minor differences in the guinea-pig lesions were the less 
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substantial leucocytic barrier and the greater di.sintcgration of the 
necrotic cells. Within the leucocytic barrier of the experimental 
lesions large numbers of vegetative bacilli were seen. Ihc minor 
differences in the experimental lesion could result from the activation 
of a larger number of spores than are prc.‘'ent in the natural infection, 
with consequent death of the animals before the defence mechanism 
had reached the stage usually seen in the natural disease in sheep. 


S0>mAnY 

1. Closlridhtm cedematiens tjiic B is the bacterial cause of black 
disease of sheep in the North of Scotland. 

2. Fermentation reactions cannot be relied upon completely for 
the identification of Cl. a:dematic7is ; but the 17 tjq)e-B strains which 
I isolated from black disease in the sheep failed to ferment glycerol 
— a finding wiuch supports Turner's results with strains from the 
same host. 

3. Methods of identifying Cl. adcmafic77s tj-pcs A and B are 
described and an account is given of tests de\*ised for lecithinasc t\*pe 
confirmation. Type-B strains are more ficlde in their growth require- 
ments than tj-pe-A strains. Consequently many of the tests on the 
surface of solid media are less reliable for typo-B than for tx'pe-A 
strains. A modification of Petrie and Steabben’s method proved the 
most reliable. 

4. The production of lecithinasc depends upon the medium in 
which the strains are grown and the limited evidence available indicates 
that the more rapidly the organism grows the less lecithinase is 
produced. 

5. In black-disease areas 17-1 per cent, of apparently healthy 
livers from various host species harbour latent spores of Cl. ^eTTiatiens 
compared with 1*3 per cent, in healthy livers obtained in areas free 
from the disease. 

6. The pathogenesis of black disease has been shown, by histo- 
logical e^ddence obtained from naturally occurring cases of the disease 
and from experimental evidence in guinea-pigs, to be the activation 
of latent spores of Cl. cederTiatiens in necrotic foci in the liver caused 
by the wanderings of the immature liver fluke Fasciola hepatica. 
Attempts to reproduce the disease in rabbits were not successful. 

I am indebted to Professor J. Cruickshank, Department of Bacteriology, 
University of Aberdeen, for his helpful guidance and advice ; to Miss Helen E. 

OSS and Mr Alexander Thomson of the Wellcome Research laboratories, 
UeckeiiM, for the supply of antitoxic sera and for their invaluable ad\-ice 
on techmral methods in lecithinase identification tests ; to the Agricultural 
neseMch Council for a grant which made this work possible ; and to Dr J. W. 
mm^cri Bowett Research Institute for assistance in preparing the 
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Appendix 

Preparation of Weinberg’s V.F. broth and agar 
To prepare Weinberg’s V.F. broth and agar a stock solution is made up as 
follows. Fresh ox liver 6-5 lb., fresh ox muscle 5-5 lb. and fresh pig stomach 
7 lb. are each minced finely and placed in a large earthenware vessel. Twenty- 
five htres of tap water and 260 ml. of pure concentrated HCL are now added 
and the mixture is kept at 48-50° C. for 24 hours. The temperatiu-e is then 
raised to 80° C. to destroy the pepsin and the mixture allowed to stand for a 
further 24 hours, when it is decanted and filtered through moistened Chardin 
paper. The filtrate is filled into 500-ml. bottles, steamed at 100° C. for 15 minutes 
and stored. To prepare V.F. broth the stock solution is heated to 80-90° C., 
adjusted to pH 8 and heated at 120° C. for 15 minutes to precipitate earthy 
phosphates. It is then distributed into bottles of convenient size and agar 
is added in the proportion required, i.e. 0-5 per cent, for capillary -tube cultures 
and 2-5 per cent, for plate cultures. 

If properly prepared the stock solution keeps for as long as nine months. 
Culture forms of Cl. mdematiens in this medium are shown in figs. 8-10. 
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HISTOLOGICAL OBSERVATIONS ON 
DERI^IATOinrOSITIS 

W.\LTER Pagel, a. L. WooLr and Pv. Asher 
From fJic Central Middlesex Hospital, London 

(Plates XC-XCVU) 

The sldn and muscle changes from which dermatomyositis derives 
its name appear to be a mask beneath which equally fundamental 
changes may be taldng place in all parts of the body. Fahr (1921) 
has laid emphasis on a general involvement of the vascular sj*stem 
as the imderlying cause of the muscular and dermal changes in the 
case which he reports. Dermatomyositis sometimes resembles clinically 
another sldn disease in which systemic manifestations have been 
discovered, namely lupus erythematosus disseminatus (Keil, 1940 ; 
Klemperer et al, 1941 ; Banks, 1941). In this disease a generalised 
degeneration of the coUagenous tissue has been suggested as the 
primary change (Edemperer et at). Does the same apply to the 
recognised manifestations of dermatomyositis, including the changes 
in the vessel walls ? The following material has been examined 
particularly from this point of view. 


Cases or DEBMATOJrrosms 
Case I 

Clinical history. The patient, a boy aged 13, was admitted on 24th August 
1943 with a history of frequent sore throats. Eight months previously he had 
had puffiness and discolouration around the eyes and, four weeks before 
admission, a very sore throat, general malaise and shght pains in the elbows. 
Eegurgitation of fimds and muscular weakness followed. 2nd Sept. All attempts 
at detecting the presence of Sir. hccmolyticus m the throat, mcluding estimations 
of the anti-streptolj’-sin titre, were unsuccessful : elbows and knees painful. 
4t?i Sept. Shoulders became painful. 9th Sept. Tachycardia and dyspnoea ; 
several joints swollen ; pitting oedema of right leg and thigh ; serum albumin 
3-8 per cent., globulin 1-2 per cent. 

Biopsy histology, 24th Sept. Muscle biopsy from lateral aspect of thigh. 
The changes seen (figs. 1 and 2) include (1) waviness of muscle fibres, (2) 
hyalinisation of muscle fibres with loss of transverse striation, (3) swelling and 
dismtegration of muscle fibres with vacuolation, (4) empty sarcolemmal sheaths 
and (5) mcrease in number of nuelei. The latter, which average 12 in diameter, 
are oval and hypochromic, with a distinct basophil nucleolus. They are 
surrounded by fragments of muscle substance, some of which contain up to 
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twelve nuclei, thus forming a sjTicytium. Mitotic figures are scanty, but one 
or two are seen in each section. Some nuclei are pyltnotic and devoid of a 
nucleolus. 

Clinical history (cont.). 25th Sept. Improving ; less oedema. Ith Oct. 
Return of oedema. \5th Oct. Nail-bed telangiectases and purple scars over 
terminal interphalangeal joints ; B.P. 120/80. 19//i Oct. Two purple patches 

half-an-inch in diameter on the inner side of the left upper arm. Pink papules 
on trunk and abdomen. Intermittent bouts of pyrexia. 

Necropsy 1943/354. 7th Nov. Gross oedema of muscle septa of arm and 
thigh. Muscles, especially of thighs and arms, much discoloured, pale and 
very oedematous. Lymph glands in groin, axilla and antecubital fossa pink 
and of hazel-nut size. No appreciable visceral changes. 

Post-mortem histology. Biceps femoris. Three changes are present. (1/ 
Degenerative changes, with muscle fibres appearing hyaline. With Mallorj’', 
the muscle substance usually stains red but occasionally mauve or yellow. 
Some hyaline fibres show retraction clots (Speidel, 1937-38), (fig. 3). With 
Sudan, fine orange droplets appear beneath the sheath. The intermuscular 
connective tissue is oedematous and the fibres are broken up into fragments of 
varying thiclmess. Where the fragments are particularly thick and straight, 
they stain yellow to red with Mallory and appear highly refractile. Occasionally 
muscle is replaced by connective tissue, presumably freshly formed, which has 
also tmdergone this change. (2) Proliferation of nuclei with disappearance of 
muscle substance, leaving the thickened muscle sheaths empty. (3) Vascular 
changes. These affect many pre-capillary arterioles and consist of eccentric 
(fig. 4) or concentric, smudgy, intensely eosinophilic swelling of the intima. 
Sometimes superadded thrombosis occludes the lumen and large numbers of 
red blood cells are seen in the surrounding muscle. The thickened intima 
stains red with Mallory. Other arterioles show fibrous intimal h 5 'perplasia 
or perivascular lymphocytic infiltration. Numerous sections from other skeletal 
muscles show similar changes. Skin of eyelid. Smoothing out of the papill® 
due to cedema of sub-papillary connective tissue. Collagen of dermis stains 
yellow-brown with Mallory and fibres are straightened out, highly refractile 
and broken up. Heart. Great oedema and moderate lymphocytosis of visceral 
pericardium. Myocardium shows occasional triangular scarring and hyalinisa- 
tion of muscle bundles. The scars show conglutination of fibres and stain red 
with Mallory. (Esophagus. Muscular coat shows shrinkage of contents of 
muscle sheaths, with occasional replacement by hyaline masses. Tonsils. 
Betrotonsillar tissue shows thickening and increased eosinophilic staining of 
collagen. With lowered condenser, collagenous fibres appears as short, thick, 
highly refractile shreds. Tongue. Intense oedema (fig. 5) and “ caking ” 
(conglutination of collagenous tissue) of submucosa, which appears intensely 
eosinophilic. With Mallory, areas are seen where collagenous fibres appear 
fused into a pale pmk material in which it is impossible to distinguish fibre 
from ground substance. Peritoneum (over diaphragm). Severe “ caking ” of 
subendothelial coUagenous tissue, which stains intensely eosinophilic. With 
Mallory, there is complete fusion of fibres into red highly refractile bars in 
which the distinction between fibre and ground substance is no longer possible. 
Pleura. As peritoneum, only less severe. Sciatic nerve. Perineural connective 
tissue “ caked ” and showing up with Mallory as bright red, highly refractile 
shreds. Inferior gluteal artery. Adventitial collagenous fibres swollen, 
interrupted and deeply eosinophilic. Lungs. Extensive patchy broncho- 
pneumonic collapse, with leucocytic exudate and coccal colonies. Pimilent 
bronchitis and emphysema. Kidneys. Conglutination of collagenous fibres 
in the adventitia of the interlobar arteries. Glomeruli slightly congested, 
otherwise no change. Spleen. Some arterioles show a localised, deeply eosino- 
philic, smudgy appearance of the wall, which is swollen at this point and stains 
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brilliantly rc<l with Mallory. Tlic thickcnwl cai^ilo whon atainod in tlio ^nmo 
•wav shows conglutination of the collnccnons fibres, witli formation of innumer- 
able reel, highly rcfractilo shreds. Lymph yUtitd, A small lymph node is 
surrOundctl by smudgj’ eosinophilic collagenous tissue which is infiltrated In’ 
h-mphocytes,’ plasma cells and fibroblasts. Bone vinrrnm. l>argoly aplastic 
fatty marrow. A few normoblasts and myeloblasts present, with hiemosirierin 
scattered along small blood vessels. A delicate ]>alo pink reticulum separates 
the fat globules. 

Case II 


Clinical history. The patient, a woman aged 03, was admitted on 2Gth 
September 1945 with a history of spelling of the UTists on washing for six- 
months. In August there was pufTincss of the face and tnutness of the facial 
muscles, followed by loss of power, mainly in the right shoulder. .Sim had 
noticed that her voice was nasal and that fluids regurgitated through her nose. 
Tlierc was diarrlima at the onset. On examination, puflincss of the infra-orbital 
region ; scaly dry skin on back of neck, front of chest and forearms ; brawny 
swelling of arms and slight non-pitting swelling of face ; dermatogrnphia, 
greatest between shoulders ; hands blue and mottled ; B.P. 190/90 ; all tendon 
reflexes absent. Death, which was preceded by fever, occurred on 10th Oct. 
1945. 

Biopsy histology, 2&lh Sept. Muscle biopsy from right pcctoralia major 
shows (1) hyalinisation and (2) shrinking of muscle substance with loss of 
nuclei, (3) empty sheaths, (4) intensely eosinophilic thickening of the walls of 
small arteries, narrowing (almost obliterating) the lumen, and (3) great oedema 


and congestion of the overlying dermis. 

Necropsy 1945/285. 22nd Oct. Obesity. Muscles in general pale pink. 
!Much cedema of skin and muscles. No appreciable x-i^ceral changes. 

Post-mortem histology. Skin from eyelid. (Edema of dermis and flattening 
of papill® (fig. 6). Muscle. Numerous sections were made from %’arious skeletal 
muscles and from the oesophagus, pharynx and retro -tonsillar region. Three 
groups of changes are present. (1) Degenerative changes : (o) loss of transverse 
striation due to hyalinisation of the muscle fibres, (b) variation in staining 
affinity of the muscle substance — gradation of colour (with MaUoiy) from red, 
via orange and bright yellow, to mauve, (c) empty sheaths, (d) an occasional 
muscle fibre showing formation of transverse bands (fig. 7). (2) Collections of 

cells ranging from simple polyhedral elements to sj-nej-tia with oval hj-po- 
chromic nuclei. (3) Vascular changes, comprising concentric (fig. 8) or eccentric 
eosinophilic thickening of the intima of precapillary arterioles, sometimes with 
complete occlusion; perivascular haemorrhages present in perimysium. Tongue. 
Extreme “ caldng ” and oedema of subpapfllary connective tissue. With 
Mallory, some collagenous fibres are seen to be fused into red, highly refractile, 
homogeneous masses. Retro -tonsillar region. Between the muscle bimdles 


there is one area consisting of “ fibrinoid ” eosinophilic material (fig. 9). The 
adjacent muscle bundles merge gradually with this mesh work, first appearing 
waxy and thin and fusing across their sheaths with other bimdles. In sections 
stained with MaUory the greater part of the mesh stains blue but in places the 
fibres are red and fused together into a homogeneous mass. Myocardium. 
Around the blood vessels there is frequentlj- a delicate, filmy eosinophilic mesh 
staining blue with Mallory. Kidneys. Hyaline casts in proximal convoluted 
tubules. Eocal oadema in subcortical renal tissue, with the same eosinophiho 
change in the walls of the interlobular and arcuate arteries as described in the 
vessels of the muscles. A few hyaline glomeruli in cedematous areas in the 
jiKta-meduUaiy region. Spleen. Severe eosinophilic thickening of the walls 
arterioles, with narrowing and sometimes occlusion of the 
lumen. With Mallory, the arteriolar walls stain red and are highly refractile. 
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Case III 

Clinical history. The patient, a married woman aged 32, was admitted on 
1st Jan. 1948, with an indefinite history of rheumatism in cliildhood. She 
developed dermatomyositis after a stillbirth in 1940. Ulceration of the lesions 
commenced in 1942. Striking features were the ulceration of sclerodermatous 
patches (fig. 10), tapering fingers, complete ankylosis of th^ knee joints (high 
amputation of both lower limbs, 26th April 1948), extreme wasting of muscles 
and scarring, with apparent lymphatic obstruction, in breasts. The ulceration 
appeared to improve in hospital with vitamin D and calcivun administration. 
B.P. 136/70. Servun Wassermann reaction negative. After the doiible amputa- 
tion, the patient’s general condition has remained satisfactory up to the time 
of writing (September 1949) and there has been no recurrence except some 
slight and transient blistering, followed by ulceration, of the sldn of the breasts 
and thigh stumps. 

Examination of amputated legs. These were extremely wasted and showed 
ankylosis of both knee joints. Below the junction of the middle and upper 
thirds of the thigh, there was no normal-looking sldn on either leg, except that 
of the dorsum of the toes and soles of the feet. The remainder of the sldn was 
livid, atrophic and adherent to the underlying tissue, and was the seat of 
irregularly raised nodules, many of which had ulcerated, leaving approximately 
circular ulcers with rounded edges, shallow walls and a smooth, dark red or 
purulent base (fig. 10). The muscles were of normal colour and firm consistency 
and showed no naked-eye changes. ^ 

Histology. Skin. The cutis is extremely atrophic, with ironing out of the 
papillary processes and a thin but definite rim of keratinisation. There is gross 
thickening, oedema and “ caking ” of the collagenous tissue of the dermis, 
especially in the deeper layers, which are infiltrated by small and large lympho- 
cytes, plasma cells, histiocytes and a few eosinophils (figs. 11 and 12). In the 
deeper part of these sections there is fragmentation of muscle fibres, with marked 
lymphorrhagia (perivascular accumulation of lymphocytes, fig. 11). Muscle. 
Sections from seven muscles were examined. There is thickening and “ caking ” 
of the collagenous fibres of the perimysium, with Ijunphocytic and histiocytic 
infiltration. Within the muscle bundles there are focal collections of hyper- 
chromic nuclei similar to some of those observed in case I, apparently replacing 
degenerated muscle (fig. 13). The larger arteries (posterior tibial) show great 
intimal thickening and perivascular lymphocytio infiltration of the vasa 
vasorum. This infiltration can also be seen in the smaller vessels, where it 
occasionally forms intimal cushions (fig. 14). In the smaller arteries there is 
severe oedema, with thickening of the whole wall due to the effusion of an intensely 
eosinophilic structureless material. 


Discussion 

These three cases show the clinical as well as the anatomical 
hallmarks of dermatomyositis, and are in this respect similar to those 
described in the literature (Parkes Weber and Gray, 1924 ; Ingram 
and Stewart, 1934 ; Keil, 1940). For discussion, the following points 
are selected : — (1) The sore throat. (2) The changes in the muscles. 
(3) The changes in the vessels. (4) The changes in the coimective 
tissue. 

1. The sore throat - 

Sore throat has preceded the onset of dermatomyositis in several 
recorded cases (Koster, 1897 ; Fahr, 1921 ; Clark, 1946). In the 
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Fig. 5. — Case I. Tongue, showing gross oedema of submucous connective tissue. 

H. and E. x 360. 



of opidennnl papilla, and gro^s codcma of sub- 
cpidcnnal connective tissue. H and E 
X ICO, 



Fig, — Ca^e H. Rectus fcmoris, showing 
tran^^ver^e bands m swollen muscle fibre. 
Mallorj-. xTOO. 
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Fig. 8. — Ca«e II. Rectus femons, show mg 
eosmoplulic fibrmoifl swelling of wall of 
pre-capillary arteriole in penmuscular con- 
nective tissue, with surrounding mlcma. 
H. and E. X 4.10. 


- > 






• k. 


rio. Ca<?e II. Rctro-tonsillar 

showing formation of eosinophilic fibrinoid 
material between necrotic bundles of 
pliarjnigeal mu=elo. H. and E. x 350. 


Fig, 10. — III, Right lower limb 
ulcers, nodules and atrophic skin. 
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Fig. 11. — Case IIT. Deep connective tissue of skin, showing cedemn. “caking” of 
collagenous fibres and transverse rows of Umplioeyte^, plasma cells and histiocN-tes. 
There are also perivascular collections of l\-mphocvtes (Umphorrhages). H. and 
E. xino. 



Img. 1’. Case III. As fig. 11 , b„t higher Fig. 13. — Ca.se III. Skeletal muscle, shosving 
magnification, ^ho^^iug rows of lymphocytes. island of mvogenic regenemt i ve cells. TT . 

plasma cells and histiocytes. H.andE. x-IOO. and E. X450. 
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Fig. 14. — Case HI. Branch of posterior tibinl arterj’ with partly hyalinised waU 
and suh-inthnal collection of IjTnpliocj'tcs surrounding a capillarj* and bulging 
into the arterial lumen. H. and E. X 120. 
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Fig. 10 — As fig. 1.5, but higher magnification, showing persistence of transverse 
striation between the bands. Mallorj-. x 600. 



Fig. 17.— Same ca=o as m figs. 15 and 16. 
Tran=^ cinc section, shmung wax-% degenera- 
tion nnd vacuolation, H. and E. x ISO 



F iG, IS. — “ Myo«5itis of unknown origin ” in a 
woman of 60. Sacro^inalis sliovring increase 
m nuclei and a sj-ncytium. H. and E. 
X520. 
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present case I, sore throat was not only a striking event in the 
immediate history, but had occurred previously on many occasions. 
In case EE, in spite of the absence of s 3 Tnptoms referable to the locality, 
severe changes were 'present in the muscles and vessels of the tonsillar 
region and in the pharyngeal muscles. There was no symptom 
suggestive of pharyngeal sepsis in the history of case III. 

2. The changes in the mvsdes 

These consist of a profound dissolution of the striated muscle 
fibres and various other cellular changes. Among the cells appearing 
in relation to the disintegrating muscle, the sjmcytial elements would 
seem to be formed from fragments of muscle substance. The other 
cells resemble, in appearance and situation, those emerging from 
disintegrating muscle during amphibian metamorphosis (Glucksmann, 
1934). The question arises as to how far these changes constitute an 
entity typical of or even specific for dermatomyositis. This theory 
we are not inclined to accept, for all these changes can be seen, for 
example, in trauma. The transverse band formation, a prominent 
feature in case II (fig. 7), was the most striking change (figs.. 15 and 16) 
in a section through a swelling in the latissimus dorsi that followed 
trauma in a woman aged 32 (surgical biopsy no. 3112). The band 
formation also appears to be identical with that described by Schmidt 
(1910) in injury due to electrocution and is one of a whole series of 
bizarre alterations in the arrangement of the contractile substance 
which have been observed in man under the most varied conditions 
affecting the vitality of the muscle (Zenker, 1864) and can be produced 
experimentally by a variety of noxious agents (Thoma, 1906 ; Speidel, 
1939), including in all probability operative trauma. Disintegrating 
muscle surrounded by cells of characteristic appearance is a common 
feature in biopsies ffom cases of “ myositis of unknown origin.” This 
is shown in fig. 18. It demonstrates a section through a swelling of 
the sacrospinalis which had first been observed some three months 
before by a woman aged 60 and had been preceded by three years 
of pain in the back (surgical biopsy no. 5032). The most impressive 
change in this case was clustering of nuclei and syncytia around 
degenerate muscle substance, apparently as a prelude to repair and 
regeneration. This is home out by the findings of Le Gros Clark and 
Blomfield (1945), in which muscle regeneration was shown to commence 
with the formation of S 3 nacytia. 


3. The vascular changes 

Vascular changes were present in all three cases of dermatomyositis. 
The most characteristic finding was concentric and eccentric, sub- 
endothelial, homogeneous, intensely eosinophilic fibrinoid thickening 
of the walls of arterioles, some of which were thereby occluded ; 
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nuclei were absent or pyknotic in the thickened areas. Perivascular 
hgemorrhage, lymphoc 3 dic infiltration and oedema were also prominent. 
It was noted that these changes were often present in the centre of 
an area of necrotic muscle. The nature of the change in the vessel 
wall is obscure. Although the thickened segment of the wall resembled 
fibrin in its affinity for eostn and acid fuchsin (with Mallory), it 
differed from it in its pale staining with aniline methyl violet and 
Mallory’s phosphotungstic acid-hsematoxyhn. These changes were 
observed by Fahr in a case of dermatomyositis and compared by him 
Avith those seen in malignant nephrosclerosis and in some cases of 
rheumatic myocarditis. There was no hjqAertension in case I of the 
present series, nor was there, in any of the three present cases, the 
hyalinisation of the vascular circumference which has been regarded 
as typical of malignant h 5 rpertension (Klemperer et al.). Moreover, 
the arteriolar changes were restricted to muscle and sldn and absent 
from the sites of predilection for hypertensive arteriolar changes — 
kidney, spleen, pancreas, etc. Morphologicall}’^, the arteriolar changes 
resembled those observed in various conditions other than malignant 
hypertension, for example subacute bacterial endocarditis. In one 
such case, a woman aged 23 (necropsy 1944/103), we observed in the 
tongue (fig. 19), myocardium and diaphragmatic pleura fibrinoid 
thickening of the intima of the arterioles in one part of the circum- 
ference. In some arterioles the whole lumen was fiUed by a hyaline 
patch with only a few capillary shts. Associated with and extending 
out from these vascular changes were oedema, hyahne swelling and 
homogenisation of collagenous tissue, which stained orange with 
]\IaUory and Van Gieson. In other words we see here the same 
combination of vascular and collagenous fibre changes as in dermato- 
myositis. In a further case, a Avoman aged 50 (necropsy 1946/270), 
Avith a history’^ of Raynaud’s syndrome for tAventy years and presenting 
Avith rheumatoid arthritis and scleroderma Avith impending gangrene 
of the fingers, oedema together Avith similar arteriolar changes was 
present in the oesophagus, pancreas, thywoid, stomach and breast. 
It is notworthy that in this instance the changes in the vessels were 
associated with “ scleroderma,” that is, skin lesions (fig. 20) snm'lar 
to those found in dermatomyositis. In yet another case extensive 
arteriolar changes (fig. 21) of the sort described in our dermatomyositis 
cases occurred Avith fulminant tuberculous septicsemia (Blair and 
Pagel, 1947). 

The changes in the vessels in dermatomyositis, therefore, do not 
appear to be specific for this disease, since they occur also in a variety 
of conditions in which prior damage to the vessel waU may be assumed. 

4. Changes in the connective tissue 

In all our three cases of dermatomyositis, changes were present 
in the connective tissue, but their full extent could only be assessed 
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Fig 20 — Scleroderma in n woman aged oO. Skin, shownng flattenme of papilla? and 
caking of collagenous fibres. H. and E. X S."). 



1' ir. 19 Subaciito bacterial endocarditis in a 
woman aged 2o. Tongue, showing intcnseK 
cO''inophtbc fibrinoid swelling of capillarv 
w all (arrow ) extending into inteiM it lal t issue. 
H. and E. x400. 



Fig. 21. — Fulmmant tuberculous sept icjemia 
m a man aged 54. AI\ ocardium, showing 
intensely eosinophilic ndge in arteriole 
H. and E. y fiOO. 
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ill the first two, which were fatal. Here the collagenous tissue of 
almost all parts of the body was affected, the retro-tonsillar region, 
tongue and sub-mesothelial tissue being particularly affected. The 
earliest and most constant finding was oedema, with formation of a 
fibrinous or fibrinoid network which was later converted into a filmy 
collagenous mesh staining blue ivith Jlallorj’. In more severely 
affected areas tliis stain showed “ caking ” of the collagenous fibres, 
which lost their previously delicate outline and became swollen and 
liighly refractile, later breaking up into shreds or bars staining red 
with Mallory. Still later, the fibres fused into a homogeneous ma<=3. 
Both in quality and distribution, these changes resemble those 
described by Klemperer ef al. in lupus er^dhematosus disseminatus, 
and a similar observation has been recorded by Bergstrand (1946} in 
the so-called “ allergic sjuidrome ” {vide, infra).. 

Kdemperer et al. suggest that lupus erythematosus disseminatus 
is a generalised disease of collagen. They draw attention to the 
similarity to rheumatism, glomerulonephritis, polyarteritis nodosa, 
malignant hypertension and eclampsia, but are careful to point out 
important differences. In our opinion, dermatomyositis resembles 
lupus erythematosus disseminatus in being a diffuse disease of collagen 
throughout the body, but differs from it in the additional involvement 
of the muscles and possibly in the absence of a high incidence of renal 
and endocardial lesions. The diffuse change appears to be cedema, 
the setiology of which, in view of the frequent history of throat infection, 
may well be anaphylactic. This is in accord with the well-known 
observation that swelling (fibrinoid degeneration) of the collagenous 
fibres, including those of the intima of vessels, is an essential feature 
of “ hjTperergic ” inflammation — ^the Arthus phenomenon — (lit. Pagel, 
1939). 

Baelir and Pollack (1947) reject the presence of fibrinoid change 
in the collagen as an indication of an “ allergic ” basis for a disease 
and, in addition to local fibrinoid necrosis, point to the diffuse 
occurrence of this change in malignant hypertension. However, 
while we are still ignorant of possible “ allergic ” factors in the causation 
of malignant hypertension (Loomis, 1946), it is the restriction of the 
fibrinoid change to the vessel wall rather than its independent 
occurrence in the connective tissue that is t 3 rpical of malignant 
hypertension. That local fibrinoid necrosis can occur where rapidity 
of onset makes sensitisation improbable is shown in thermal injury 
of the dermis (Morite, 1947). 

Diffuse fibrinoid change in the connective tissue is seen onlv in 
lupus erythematosus disseminatus, dermatomyositis and scleroderma 
— all diseases of unknown aetiology — and in rheumatic fever and 
polyarteritis nodosa, for which a mechanism of specific h 3 q)ersensitivity 
is being increasingly regarded as operative (Rich and Gregory, 1943). 
Purther, Bergstrand (1946) has demonstrated its presence in the 
“ allergic ” syndrome of transient lung infiltration, eosinophilia and 
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urticaria. Finally, a hyperergic myositis has been induced in rabbits 
by intramuscular injection of a muscular antiserum (Kallos and 
Pagel, quoted by Pagel, 1939, p. 126). 

In conclusion it may be stated that, while none of the morphological 
changes in dermatomyositis is specific, collectively they do seem to 
form an entity characterised by a progressive and diSuse affection of 
sldn and striped muscle. 

SxJMMAUy AND CONCLUSIONS 

1. Three cases of dermatomyositis are reported which showed a 
triad of changes affecting striated muscle, blood vessels and connective 
tissue. 

2. The most striking changes in muscle were (a) vacuolation and 
shrinking of the muscle substance, with altered staining affinity and 
loss of transverse striation, and (b) increase in the number of myogenic 
nuclei, which appeared smrounded by fragments of muscle substance 
so that syncytia were sometimes formed. Comparative studies showed 
these changes to be non-specific, since they are observed in muscle 
subjected to various pathogenic stimuli. 

3. The principal vascular change was annular or localised fibrinoid 
degeneration of the arteriolar walls, occasionally leading to occlusion 
of the lumen followed by haemorrhage. In two of the cases this 
occurred in the absence of hypertension. 

4. In the connective tissue extensive oedema and fibrinoid change 
in the collagenous fibres were observed. 

5. The non-specific nature of the changes described in (3) and 
(4) was ilLustrated by their occurrence in cases of subacute bacterial 
endocarditis, in scleroderma with rheumatoid arthritis and in fulminant 
tuberculous septicaemia, 

6. The extent to which these changes resemble the “ diffuse collagen 
disease ” postulated by Klemperer et al. is discussed. 

The authors are indebted to members of the medical staff of the Central 
Middlesex County Hospital, past and present, for permission to use their case 
histories, and to Mrs H. Meyer, Mr J. B. Mayhew, Mr L. Spain, Miss H. Saxl 
and Mrs B. Burnett for technical assistance. 
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6l6 . 314 . 17 — 008 . I — 018 — 02 {Gricetus auratus) 

HISTOLOGICAL OBSERVATIONS ON PARODONTAL 
DISEASE IN THE GOLDEN HAMSTER {GRIGETU8 
AVEATUS ) : CALCULUS, FOOD PARTICLES AND 
OTHER FOREIGN BODIES AS HiTIOLOGICAL 
FACTORS 

J. D. KrsG 

From the Dental Research Unit, Medical Research Council, 

King's College Hospital Medical School, London 


(Plates XCVm-Cn) 

The clinical and gross post-mortem features of a severe form of 
parodontal disease in tlie golden or Syrian hamster have been recently 
described by King and Gimson (1948-49). 

Observations -were made on the oral conditions in tlnrty animals fed from 
soon after weaning on a daily diet comprising cereal (6-9 g.), separated milk 
powder (1 g.), food yeast {Tonda utilis (0-1 g.) and sodium chloride {0-5 g.) 
per hamster, with additions of lean nainced meat (3 g.) and fresh cabbage (3 g.) 
twice weekly. Three varieties of cereal were used — ^wholemeal flour, wheatmeal 
bread (crumb) and coarsely or finely milled white maize. Esperimental 
vitamin supplements were given in the form of ^-carotene, vitamin D and 
cod-liver oil, while controls received vitamin A- and D-free peanut oU. Paro- 
dontal lesions, easily visible to the naked eye at autopsy, were found in some 
degree in three-quarters of the animals after experimental periods of 19-65 weeks, 
hut no significant differences in their incidence or extent were apparent between 
the main cereal groups or between their respective supplemented sub-groups. 
No attempt was made to render these animals either rachitic or deficient in 
vitamin A, such conditions being prevented respectively by the calcium and 
phosphorus content of the basal diets and by the carotene-containing cabbage, 
so that the vitamin additions constituted dietary reinforcements of basal rations 
already adequate in vitamins and mineral salts under ordinary conditions. 
In order of frequency, the percentage incidence of gross lesions in the various 
regions of the month were — upper third molar 66-7, upper second molar 36-7, 
lower first molar 25-0, upper first and lower second molar each 6-7 and lower 
third molar 1-7. Macroscopically, the disease was characterised by extensive 
deposits on and between the teeth, with adjacent parodontal involvement. 
These accretions included food particles and foreign bodies such as wood- 
shavings, sawdust and hairs. It seemed significant that the initial l«ions 
arose close to the openings of the salivary duets, a phenomenon analogous to 
that in ferrets, in which parodontal disease was induced by direct injury of the 
gingivK and other structures by calculus (King, 1944, 1945 ; Kong and Glover, 
1945). In the hamster, however, unlike the ferret, the morphology and function 
of the teeth concerned are such that maxillary labioversion, manibular linguo- 
version and torsion of the teeth are common phenomena, 
j. riia. BAcr.— von jxi .,3 
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The present communication concerns the histological changes 
observed in the jaws of the same series of hamsters, with special 
reference to their aetiology and progress. 

Methods 

The material largely comprised paraffin sections, 7-10 fj, in thickness, of 
decalcified formol-fixed specimens from one side of both jaws of each animal, 
the maxillary sections being serial ; Wittmaack’s acetic acid-bichromate-formalin 
fixative was employed on occasion. Nitric acid (2 per cent.) was used for 
decalcifying throughout. In two animals serial sections were made of half-jaws 
with all oral and neighbouring tissues in situ for studying the relationship of 
the molar teeth to the salivary glands and ducts and to the cheek-pouches and 
other structures. Staining methods included Ehrlich’s hsematoxylin and eosm, 
Weigert’s iron hajmatoxylin and Van Gieson, a Mallory modification, and Gram. 
Eor identifying food particles and foreign bodies, alcohol-fixed frozen sections 
were made and stained by Ehrlich’s hsematoxylin and eosin, with and without 
previous acid treatment, and by alcoholic purpurin. 


Results 

The microscopic findings in general confirmed the previous clinical 
and gross post-mortem observations (King and Gimson, 1948-49) hut 
disclosed a much higher incidence of disease involving all animals 
of the three series irrespective of their basal diets and experimental 
supplements. Of the individual molar regions only the distal aspect 
of the lower third molars and the mesial side of the upper first molars 
were but little affected over experimental periods of 19-65 weeks. 


General course of the lesions 

The disease is initiated by deposits of sahvary calculus (tartar) 
upon the crowns of the molar teeth. The primary accretions occur 
in the deeper parts of those intercuspal grooves where the enamel 
cuticle is most dense and most persistent and which he nearest to 
the openings of the regional sahvary ducts. Thus, in the maxiha 
the labial surfaces of the teeth are first involved, the initial deposits 
being laid down in the intercuspal grooves of the third molar tooth. 
Laceration of the adjacent gum margin by the rapidly encroaching 
tartar with pocket formation soon fohows. The consequent exposure 
of the subgingival epithehum of the pocket wah next provides a 
suitable stroma or nutrient source for calculus-depositing agencies 
and, with impaction of food and other debris in the pocket and in 
the adjacent interdental gum anteriorly, tartar soon forms on the 
mesial aspect of the third and distal aspect of the second molars. 
At a later stage the labial intercuspal grooves and then the mesial 
aspect of the second molar are similarly involved. Finally, but much 
later, the process extends to the mesial side of the first molar in spite 
of its relative remoteness from the parotid or other salivary ducts. 
The palatal sides of these teeth are affected in the same sequence,' 
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but apart from the third luolar, whose palatal side is not far distant 
from the infra-orbital ducts, calculus deposits in these areas are more 
dependent on extension of gum lesions from the labial and mesial 
aspects, on impaction of other foreign bodies and on the resulting 
degree of labiovcrsion of the teeth, as discussed later. The primaiy 
site of tartar formation in the mandible is the lingual intercuspal 
groove of the first molar, in proximity to the saUvar}- ducts opening 
nearby. Pollowing a similar process to that in the maxilla, but in a 
reverse direction, tartar is laid doum on the various surfaces of the 
second and finally the tliird molars, aided again by extension of gmn 
pocketing, impaction of debris and, in this instance, by linguoversion 
of the teeth. As pointed out in the earlier paper (King and Gimson, 
1948-49), the labial displacement of the upper teeth and the lingual 
movement of the lower are themselves accentuated by the stresses 
of dental occlusion and mastication. There is also a natural lateral 
inclination of the molar teeth.— labially in the maxilla and lingually 
in the mandible — ^n'hich renders them particularly susceptible to 
pathological displacement in these directions. 


Hisiopathology 

The first parodontal structure to become injured hy the progress 
of calculus along the enamel cuticle is the keratinous layer of the 
gingival crest at its point of apposition to the cuticle. In tliis region 
the remnants of the enamel organ, which comprise the subgingival 
epithelium after tooth eruption, are in organic continuity on the one 
side with that part of the enamel organ now forming the enamel 
cuticle (Nasmyth’s membrane) and on the other with the gum 
epithelium. Coutiaxy to the contenlnons of most dental histologists, 
therefore, the keratin-like enamel cuticle and the keratinous layer 
of the gum are merely in apposition externally. Since the cuticle is 
irreplaceable, while the gum surface is constantly being cast off and 
replaced from below, connection between the two can only be brought 
about by the continuity of the respective cellular elements of the 
epithelium from which they originate. There is in fact a potential 
“ gap ” or sulcus between tooth and gingival crest, of which accumiilat- 
ing calculus and impacting food and other debris take full advantage. 

Early disintegration of the keratinous layer of the gingival crest, 
with defensive proliferation of the subjacent epithelium, appears to 
"be common to all species susceptible to salivary calculus, but the 
next phase m the hamster, while simulating lesions in the human 
upper first molar region, differs fundamen,ta% from that in tfre fenet’s 
carnassial and Wan incisor areas (King, 1944). For example, in 
the upper jaw the ferret disease, following marked proliferation of 
the gingival epithehum into the infiltrated corium, is characterised 
^^jal gingiv® and progressive destruction of the 
ker t ous layer of tlus epithehum from crest to labial sulcus • the 
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subgingival epithelium is not involved in the earher phases. In the 
hamster, much less of the keratinous layer of the gum epithelium is 
at first destroyed — ^indeed some thickening of this structure may 
occur at a little distance from the initial lesion — and the gingival 
epithelium proliferates to a lesser extent. Eversion of the gum is 
not prominent and the most severe reactions are found in and adjacent 
to the subgingival epithelium. Here hyperplasia, keratinisation on 
exposure to the mouth and degeneration of this epithehum, vitli 
associated cellular infiltration of the neighbouring corium, are 
characteristic features. All of these conditions contribute to rapid 
deepening of the parodontal pockets, which in turn facilitates further 
deposition of calculus and impaction of debris. In previous experi- 
mental studies on ferrets the writer has suggested that persistence 
of the enamel cuticle on areas of the tooth crowns close to the openings 
of the salivary ducts might well be one of the prerequisites for tartar 
deposition in animals and man (King, 1945). A number of the earlier 
phenomena of the hamster disease so far encountered provides factual 
support for a theory of this land, but the thesis may now be carried 
further. 

On reaching the hamster’s gum margin, the calculus causes detach- 
ment of the latter from the tooth in the region of the gap or sulcus, 
to which reference has already been made. This detachment, fi.’om 
which the parodontal pocket originates, exposes a short length of the 
coronal part of the subgingival epithelium. The latter promptly 
reacts to such pathological exposure by becoming keratinised and 
assumes the form and functions of enamel cuticle, a process similar 
in effect to the physiological development of the original cuticle 
during tooth eruption. More calculus is then laid down in and around 
this newly keratinous tissue, which in turn causes exposure of another 
length of subgingival epithehum for keratinisation and the whole 
process is repeated at progressively deeper levels until the enamel- 
cementum junction is reached. With each new peripheral involvement 
of subgingival epithehum, deeper portions of the latter proliferate 
into the adjacent corium, in wliich inflammatory cehs appear in 
varying numbers. As the calculus-induced inflammatory process 
extends deeper, necrosis and eventual disappearance of the previously 
attacked superficial tissue occurs — an attempt on the part of the 
organism to ehminate the parodontal pocket and reduce its habihty 
to the entry of food and other debris. In the hamster, however, the 
ph 3 "sical nature of the diet and the cage-bedding on which the animals 
are kept also plaj^ important contributory parts. When the diet is 
finely comminuted, food debris packs into the parodontal pockets 
initiated b 5 ’^ the calculus. In other cases the food particles may 
themselves be coarse and sharp enough to become impacted in the 
gum tissues of the pocket wahs, and a similar path is followed bj^ 
sawdust particles and wood-shavings when these materials comprise 
the bedding of the animals’ boxes or cages. 
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Up to this point the lesions described may apply, Avith few and 
minor reservations, to the parodontal tissues around both the labial 
aspect of the upper third molar and the lingual side of the lower 
first molar teeth. Their extension, mesially in the maxilla and distally 
in the mandible, soon follows, the interdental impaction of food and 
other debris here being a particularl3- active factor in the spread of 
disease to the approximal and labial areas of the upper second molar 
and to the approximal and lingual tissues of the lower second molar 
regions. About the same time, or sometimes a little earlier in the 
maxilla, the upper third molar palatal and the lower first molar labial 
parodontal structures are affected. As these areas become involved 
it is less easj’ to distinguish primary' from secondary fetiological 
agencies. It maj' be that food debris and foreign-body impaction 
now tend to assume the ascendancj*, since thej’^ are increasingly 
evident and the salivary duct orifices gradually become more remote 
as the lesions proceed anteriorly in the maxilla and posteriorly in the 
mandible. Certainlj- appreciable amounts of calcified material are 
still apparent in the diseased tissues, but some at least of this 
mineralised debris may be derived from foci of calcification in or 
around food or other particles which have themselves aroused the 
initial traumatic inflammatory lesion in the neighbouring or more 
superficial areas. 

The next stage in the upper third molar region includes the changes 
consequent upon extension of the inflammatorj’’ process beyond the 
enamel-cementum function, in wMch the periodontal membrane, the 
alveolar bone and the tissues of the tooth-root are concerned. As 


the calculus approaches the enamel-cementum junction on the labial 
aspect of the teeth, the resulting inflammatory reactions just ahead, 
with their accompanying proliferation of the terminal part of the 


subgingival epithelium, encroach upon the upper portion of the 
periodontal membrane and on the connective tissue covering the 
alveolar crest, including the various dental suspensory hgaments. 
Turther deposits of calculus then form upon the outer surface of the 
cementum and among the adjacent inflammatoiy cells of the affected 
periodontal membrane. About the same time the deeper vessels of 
the periodontal membrane become much dilated and osteoclast-hke 
cells appear on the superficial and umer aspects of the alveolar crest. 
Rarefaction of the latter soon follows, this being associated not only 
with giant-ceU activity but also apparently with pressure resorption 
due to the gross dilatation of the periodontal and other neighbouring 
vessels. Calculus accretions continue to progress along the cementum 
. and periodontal membrane and each new deposit arouses first perio- 
dontitis and then osteoclasis at successively deeper levels. In this 
manner progressively mcreasing alveolar rarefaction follows, with 
correspon^gly mcreased loss of dental support from the external 
alveolar plate. EventuaUy the tooth begins to tilt labiaUy, the ensuing 
dental movement m turn causing irritation of the whole periodontal 
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membrane and its attachments from just beyond the zone of labial 
calculus formation to the dental apex in palatal and approximal as 
■well as labial directions. The most striking reaction to this labioversion 
is then seen on the palatal aspect of the same upper third molar tooth, 
in the form of reciprocal bone deposition on the dental side of the 
palatal alveolus. This reaction, together with one of a similar nature 
but lesser degree on the outer (labial) aspect of the external alveolar 
plate, would seem to comprise a natural defence mechanism which 
prevents loosening of the tooth ; on occasion the same defensive 
measures may be observed approximally in an attempt to check 
loofeening of the tooth from rotation. However, since the disease 
process continues to cause resorption of the inner side and soon 
overcomes attempted bone deposition on the outer aspect of the 
labial alveolus, the more the compensatory palatal bone deposition 
the more the tooth is tilted towards the cheek. 

A vicious circle is thus established, the ill effects of which are still 
further accentuated during occlusion by the impact of the affected 
tooth with its as yet relatively disease-free mandibular opponent ; 
this additional labiaUy-directed stress is itself assisted by the inherent 
inclination of the upper teeth towards the cheek. Moreover, although 
calculus may be less extensive on the palatal aspect of the tooth in 
■question, it is nevertheless a pathogenic agency which in this area is 
soon assisted by impaction of food particles and other debris. At 
the same time extension of the lesions from both labial and palatal 
directions causes additional weakening of the dental suspensory 
apparatus. In the later phases of labioversion the occlusal part of 
the tooth crown lies in direct apposition to the inner aspect of the 
cheek and may become entirely covered by a dense mass of calculus 
and debris, contact with which may even cause small patches of 
necrosis in the buccal mucosa. Finally destruction of the parodontal 
tissues proceeds to such a degree that the tooth itself becomes 
exfoliated. 

The foregoing account of the later sequelae of the hamster disease 
applies more particularly to the upper third molar regions where the 
lesions first become prominent. Many of the events described also 
hold good for the lower first molar areas, where the disease has its 
mandibular origin, but here allowance has to be made for the lingual 
position of the salivary duct orifices and the natural inclination of 
the mandibular teeth towards the tongue. In this instance, therefore, 
the progress of calculus formation and debris impaction is greater 
on the hngual aspect of the tooth. The resulting pathological changes 
thus include rarefaction of the internal alveolar plate, with attempted 
compensatory bone deposition on the inner side of the external plate, 
extension of the disease from the first molar posteriorly via its distal 
aspect, hnguoversion of the tooth accentuated by occlusion with its 
relatively disease-free maxiUaxy opponent, and eventually exfoliation 
in a hngual direction. 
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\s regards extension of tlie disease to other regions, the brief 
account already given of the manner in wliich the upper second molar 
tissues become involved is applicable at a later stage to the first 
niaxillarv molar region. In the mandible, too, spread of the lesions 
to the second and finally the third molar region is modified only to 
conform rrith their lingual and linguo-approximal origin, although 
in both jaws the etiology of the earlier and intermediate disease 
phases in these areas may perhaps be more closelj associated with 
traumatism of the gum by food or foreign body impaction. 

Reasons of space economy preclude detailed illustration of all 
the disease phases so far described but some characteristic changes 
in the maxilla may be shown (figs. 1-13). 

Fig. 1 demonstrates the relative extent of lesions in the three upper molar 
regions of one side of a hamster foUorring experimental feeding for 23 weeks. 
The disease is here fairly advanced and the initial phases are now obscured by 
its spread anteriorly. Tlie mesial tissues of the first molar region, howe-ver, 
are not yet affected to any marked extent. The difference in severity of calculus 
formation and gingival disease on the labial and palatal aspects of the upper 
third molar is shown in fig. 2. Conditions to be noted in this specimen include, 
labiallv, massive calculus formation with close adherence to the enamel cuticle, 
causing deep gingival pocketing, thickening of the keratinous layer of the 
gingival and buccal epithelium, marked cellular infiltration of the adjacent 
gum corium and apposition of the coronal calculus to the cheek arousing 
thickening of the buccal epithelium due to labioversion of the tooth ; palataUy, 
there is thickening of the gum epithelium and of its keratinous layer with gross 
proliferation of the subgingival epithelium, related inflammation of the corium 
and pocket formation due to calcxilus in lesser amotmt but aided by impaction 
of food debris. Figs. 3 and 4 demonstrate the bony changes associated with 
labioversion of an upper third molar on its respecti%-e palatal and labial sides. 
Fig. 4 illustrates resorption of the periodontal aspect of the external alveolar 
plate due to the progress of the calculous disease beyond the enamel-cementum 
junction. Irregular thickening of the cementum and gross dilatation of the 
periodontal vessels are also seen. On the palatal side of the tooth (fig. 3) pocket 
formation is deep but less extensive than labially and deposition of new bone 
is wsible on the periodontal side of the alveolus. These conditions are shown 
more clearly under higher magnification in figs. 5 and 6, where osteoblast activity 
and bone deposition are seen palatally (fig, 5) and bone rarefaction labially 
(fig. 6). In fig. 6 it should be noted that osteoclasis is strongly aided by grosslr 
dilated periodontal membrane vessels, while externally other cells are attempting 
to lay down bone in a further attempt to resist tooth loosening. In fig. 7 
destruction of inter-radicular bone is shown to result from simple extension of 
the disease between the tooth roots. Figs. 8-13 illustrate the initiation and 
extension of the disease in the approximal and other areas of the parodontium 
in relation to the causative calculus and impacted debris. Conditions to be 
noted include the close adherence to and progress of calculus along the enamel 
cuticle (fig. 8), along the exposed and keratinised former subgingiv^ epithelium 
and along the cementum and periodontal membrane, together with the impaction 
of food particles and wood debris in the resulting parodontal pockets and 
interdental spaces. In fig. 10 it is of note that calculus is being laid down in the 
exposed and thickened keratinous layer of the former subgingival epithelium ; 
m tip 9 deposition of tartar is seen to have followed excavation of the cementum 
of the third molar roots ; and in fig. 11 portions of the grossly impacted food 
and other debris show ei-idence of calcification. In the latter connection fiss. 12 
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and 13 are of particular interest. These are high-power photomicrographs of 
food particles from an interdental parodontal pocket. The structures seen, as 
in the case of the debris in figs. 8-11, were identified by comparison with stained 
frozen sections of the dietary components and of the sawdust or wood-shavings 
used as bedding materials. In the present instance both illustrations are of 
wholemeal flour particles in transverse section. Possible indications of beginning 
calcification of their central portions are visible in some areas of fig. 12, but the 
process is better seen in fig. 13. It should be emphasised, however, that in 
assessing by histological means calcific changes in or around food particles 
in situ, account must be taken of the original calcium content of the foodstuff 
in question. In the case of bread (fig. 11), wholemeal flour (figs. 12 and 13) 
and cabbage (fig. 14), therefore, evidence of calcification is only of pathological 
significance when the staining reactions indicative of calcification are considerably 
more intense in the food particles impacted in the parodontal tissues than in 
control sections of the foodstuffs from which they were derived. 


One important feature of the later phases of the hamster syndrome 
has not yet been mentioned, although a similar phenomenon was 
previously noted in the ferret (King, 1944) and may have some 
bearing on the reported production of “ dental caries ” in hamsters 
by American workers. Kgs. 14 and 15 illustrate later sequelae and 
inflammator}’- changes along the distal root of the second upper molar 
and adjacent periodontal membrane resulting in excavation of both 
cementum and dentine of the root. In fig. 14 the cavities have 
become filled with further deposits of calculus, while proliferation of 
defensive secondary dentine on the pulp wall is clearly evident 
opposite the lesions. Incidentally, the secondary dentine is here well 
calcified, as would be expected in view of the vitamin D and mineral 
content of this animal’s rations (MeUanby, 1922-23, 1930, 1934 ; 
Mellanby et al., 1924). Kg. 15 demonstrates a still later phase in 
which similar cavitation has entirely destroyed a peripheral portion 
of another maxillary second molar distal root and its protective 
secondary dentine, with penetration of inflammatory debris and 
calculus into the pulp cavity. Gross infection of the dental pulp has 
resulted, followed by secondary infection of the coronal dentine from 
within. It can be readily seen that superficial examination of such 
excavated teeth in situ, even with the aid of a dissecting microscope 
or X-rays, might well lead to a false diagnosis of dental caries ; only 
histological study of serial sections can decide the issue in most cases. 
Indeed, the writer’s present experience of so-caUed caries in hamsters 
has led him to view with a certain degree of caution some of the 
findings of Arnold (1942), Keyes (1944, 1946®, b and c), Keyes and 
Dale (1944), Dale et al. (1944), Sognnaes (1948) and others. AU these 
workers have described the occurrence of two tjqjes of carious lesions 
in hamsters, one originating in the occlusal pits and fissures, the 
other in the cervico-approximal areas of the molar teeth. As figs. 14 
and 15 indicate, some at least of the second tjqje of cavity may be 
due to parodontal disease rather than dental caries. In the present 
hamster experiments decalcified serial sections of one side of the 
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Flo. 1. — ]\Iesio-distal section of one aide of upper jaw of hamster no. 35 ; wholemeal 
flour basal diotH-vitamm-free oil ; oxijerimonlal iioriod 23 weoks. Note greater 
severity of parodontal lesions around anterior root of third molar (Mj) and distal 
root of second molar (Mj) ; from these regions the ilisense has progressed back- 
wards and forwards, the tissues anterior to the first molar (Mj) being the least 
affected. X 16. 

Fio. 3. — Labio-palatal section through anterior root of upper Mj of hamster no. 14 ; 
wheatmeal bread basal diet-j-cod-livor oil; experimental period 64 weeks. Note 
greater severity of calculus deposition and iiarodontal disease on labial side, 
with tilting of the tooth towards the cheek. Impaction of food particles (FP) 
is evident in palatal pocket, x 65. 

Figs. 3 and 4. — Labio-palatal section through anterior root of upper Mj ot hamster 
no. ,'18 ; 'wholemeal flour basal diet-f- vitamin D oil ; experimental period 45 weeks. 
Note more severe labial lesions, including resorption of periodontal aspect of 
extenial alveolar plate with lubioversion of tooth (fig. 4), and deposition of new 
alveolar bouo pulatally. X 65. 

Ehrlich's hsmatoxyliii and eosin stain. 


Key to figure lettering 


Ml. 

First molar. 

F.F.C. 

PathologioBlly calcified whole- 

Mj. 

Second molar. 


meal flour particles. 

Ma. 

Third molar. 

F.F.N. 

Normal wholemeal flour particles. 

B.Ep. 

Buccal epitheliinn. 

G.Bp. 

Gingival epithelium. 

B.N. 

Deposition of new alveolar bone. 

G.P.B. 

Gram-positive bacteria. 

B.P. 

Bread particles. 

K. 

Keratinous layer of epithelium. 

B.R. 

Resorption of alveolar bone. 

Ob. 

Osteoblast-like cells. 

B.V. 

Dilated blood-vessels. 

Oc. 

Osteoolaat-like cells. 

Cb. 

Cabbage particles. 

Od. 

Odontoblasts. 

O.D. 

Coronal dentine. 

P. 

Dental pulp. 

O.I. 

Inflammatory cell infiltration. 

P.M. 

Periodontal membrane. 

Cl. 

Calculus. 

R.D. 

Root dentine. 

Cm. 

Cementmn. 

S.D. 

Secondary dentine. 

Cml. 

Cementura-liko material in pulp. 

S.Bp. 

Subgingival epithelium. 

Cv. 

Cavitation of root. 

AV. 

AVood particles. 

D. 

Dentine. 



E.O. 

Enamel cuticle. 



F.P. 

Food particles. 
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upper jaw of each animal ■were made. Cavities originating in the 
root or in the crown were distributed as follows : — 



Xo, teeth examined 
in ■scrtil s-cctlon 

Tcotli ivitli root 
ca\ nation nfcalcnlon' 
oriRin (per cent.) 

Teeth with crown 
ca\it.ition re^cuihling 
caric= (per cent.) 

Upper 1st molar 


« 

30 

100 

0 

Upper 2nd molar 

. 


30 

50-0 

0 

Upper 3rd molar 

• 

• 

30 

3-3 

3-3 


It is clear, then, that in onlj’^ one tooth of one animal was there 
evidence of a lesion simulating coronal caries in man. It may be 
argxied that a liigher “ caries ” incidence would have been found if 
ground instead of decalcified sections had been made, but it is 
reasonable to suggest that in most instances any caries would have 
penetrated the enamel to reach the dentine by the end of the relatively 
long experimental periods employed. The diets given here are 
sufficiently similar to some of those arousing a high incidence of caries 
according to the American workers, but studies of a further series 
fed on sugar-predominating rations will be reported at a later date. 

Finally a similar and fairly common process of cavitation is sho-wn 
in the upper camassial tooth root of a ferret (fig. 16), due to parodontal 
disease of calculous origin. Secondary dentine is seen in the pulp 
opposite to the calculus-filled peripheral cavities. In the deeper part 
of the later more penetrating root cavity, calculus is preceded by 
mflammatory products and in this region gross proliferation of 
cementum-Hke material into the pulp has followed secondary dentine 
as a defensive barrier. It is noteworthy that dental caries is as yet 
unknown in ferrets. 


Discussion 

The first parodontal observations on hamsters were recorded 
incidentally by Keyes (1946a) during studies on dental caries. He 
drew attention to the accumulation of food and other debris, 
particularly along the labial surfaces of upper molars and lingual 
surfaces of lower teeth, together with the impaction of fibrous material 
interdentaUy and in occlusal pits and fissures. In addition he noted 
a supragingival yellow-brown stain inseparable from the enamel 
cuticle and floating off with it when the latter was released by dilute 
acid in vitro. The condition was ascribed to pigmentation of the 
cuticle but, in the present writer’s opinion, may have been associated 
with the early phases of calculus deposition. As seen in one of his 
illustrations (Keyes,^ 1946a, fig. 18), the presence of calculus and its 
related parodontal disturbances was clearly encountered. Preliminarv 
observations on parodontal disease in hamsters have been described 
in rather more detail by ilitcheU (1948), and his illustrations closely 
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resemble some of those sho^vn here and in our previous paper (King and 
Gimson, 1948-49). In addition to interproximal impaction of cellulose 
material, hair and other debris, MitcheU remarked on the frequent 
occurrence of calculus in the gingival crevices and pockets, with 
underlying inflammation and loss of alveolar bone. He did not refer 
to the sequence of diseased areas in the two jaws and, in contrast to 
that described here, one of his illustrations indicates a spread of 
mandibular disease from the third molar forwards. No mention was 
made of version of the teeth, nor of lateral bone rarefaction and 
reciprocal bone deposition, although both conditions can be identified 
in another maxillary specimen shown. The experimental period (7 or 
more months), before which no jiarodontal lesions were encountered, 
is also greater than in the •writer’s experience, but klitcheU gives no 
clue to the composition of the “ laboratory chow ” diet he employed. 
One curious comment is made in his paper (p. 335), namely the 
suggestion that an apparent increase in disease incidence among 
those of his animals raised on screen bottom cages might have been 
due to “ the absence of wood sha'vdngs, which the animals chew, and 
which may serve as a gingival stimulator or dental and peridental 
cleanser, as suggested by King and Gimson (1947) mth regard to 
periodontal lesion production in the ferret.” In our experience, as 
shown in figs. 8, 9, 11 and 14, the use of sawdust or wood shavings 
may contribute to rather than prevent the calculus-induced lesions 
in hamsters, their mastication of these materials being a very different 
process from the dental and gingival friction suppHed by bone-gnawing 
in ferrets or cane-gna-wing in man (King and Glover, 1946 ; King, 
1947a and b). The prevention of calculus and parodontal disease has 
not yet been achieved in hamsters. It may be that some form of 
frictional prophylaxis wfil be possible, as in the ferret, but much 
greater significance is attached to discovering the mechanism of 
calculus formation itself and its prevention and eradication by other 
than purely mechanical means. Some fight is shed on the site of 
origin of this form of parodontal disease due to calculus. In man, 
James and Counsell (1927) considered the subgingival epithelium to 
be the first parodontal tissue to exhibit calculus-induced lesions, but 
in the carnassial regions of the ferret King (1944) found the gingival 
crest and gingival epithelium to be primarily affected. It now seems 
clear that the site of early parodontal involvement by calculus depends 
not only on the proximity of the salivary duct orifices but also on 
the form, occlusion and function of the teeth, the secodont ferret 
carnassial and human lower incisor regions being associated with 
primary lesions of the gingival crest and gingival epithelium, while 
in the bunodont hamster molar and human upper molar areas the 
crest and subgingival epithelium are first attacked. 

Cavitation of the tooth roots during the later stages of parodontal 
disease in hamsters and ferrets would appear to be largely due to 
destruction of cementum and dentine by the products of the inflamma- 
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Figs. 5 and G. — liigtior magnification of alveolar aroiis shown in figs. 3 and 4 respectively. 
Deposition of new palatal bono associated with osteoblast activity (Ob) is seen 
in fig. 5, while resorption of the alveolus duo to osteoclasis (Oc) and to pressure 
from grossly dilated periodontiil vessels (B.V.) is present labially (fig. C). Some 
attempt at bono deposition is also seen on the outer part of the labial alveolar 
crest. X 390. 

Fig. 7. — ^Mesio-distal section through upper Mj roots of hamster no. 36 j wholemeal 
flour basal diet -H vitamin-free oil ; experimental period 23 weeks. Note impaction 
of food particles (FP) and resulting foreign body inflammatory loaction similar 
to that associated with calculus (Cl), destruction of bono by ostooolusis and pressure 
resorption due to vase-dilatation, x 100. 

Ehrlich’s hajmatoxylin and oosin stain. 
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Fig. 8. — ^Mesio-distal section througli upper M, and Mj regions of hamster no. 27 ; 
wheatmeal bread basal diet+vitamin D oil ; experimental period 26 woelis. 
Note essential association between enamel outiclo (E.C.) and calculus (Cl.), with 
resulting penetration and laceration of the gum causing pocket formation and 
encouraging impaction of food particles (F.P.) and other foreign bodies (W.). 
Xl20. 

Fig. 9. — ^Mcsio-distal section through impor and M3 regions of hamster no. 20 ; 
same diet ; experimental period as for animal no. 27 (fig. 8). Here the obliquity 
of the third molar (Mj) due to its 1-abiovorsion is shown, together with exposure 
of much of the M2 distal root. Excavations (Cv.) of the roots of both teeth, followed 
by penetration of calculus (Cl.), are seen, together with interdental impaction 
of cabbage (Cb.) and sawdust (W.) particles, x 60. 

Fig. 10. — Mesio-distal section tlirough posterior aspect of upper M3 of hamster no. 44; 
wholemeal flour basal diet+cod-Hver oil ; experimental period 24 weelis. No'te 
broad zone of keratinised subgingival epithelium (K.) due to exposiuo of latter 
to the mouth, in which further deposition of calculus (Cl.) is taking place. X 120. 

Fig. 11. — Mesio-distal section tluough upper M, and M3 roots of hamster no. 21 ; 
wheatmeal bread basal diet-}- vitamin D oil ; experimental period 64 weeks. 
Note calculus adlierent to obliquely inclined tooth roots and impaction of bread 
particles (B.P.) and sawdust (W.). Calcification of the bread particles can be seen 
in some areas. X 60, 

Ehrlich’s hajmatoxylin and eosin stain. 
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Flo. 12. — Part of mesio-distal section through similar regions of hamster no. 37 ; 
wholemeal flour basal diet + vitamin D oil; experimental period 29 weeks. Tlie 
flour particles are here seen at a stage prior to pathological calcification. X 490. 

Fig. 13. — Similar region in hamster no. 38 ; same diet and experimental period. 
Examples of pathologically calcified and normal wholemeal flour particles are 
seen at F.P.C. and F.P.N. respectively. X 490. 

Fig. 14. — Mesio-distal section through upper and M 3 regions of hamster no. 12; 
wheatmeal bread basal diot+vitamui D oil ; experimental period 29 weeks. 
Note (1) progress of calculus along intact enamel cuticle, (2) cavitation of tooth 
below amelo-cemental jimction, with subsequent penetration of cemental and 
dentinal cavities by further calculus ; and (3) impaction of cabbage particles, 
some of which are becoming calcified. X 60. 

Fig. 15. — Mesio-distal section of distal aspect of upper Mj of hamster no. 28 ; wheatmeal 
bread basal diet-(- vitamin D oil ; experimental period 26 weeks. Note superficial 
resemblance to dental caries, but lesions here due to excavation of root cementum 
and dentine by the inflammatory products consequent on deep subgingival 
proliferation of salivary calculus, x 130. 

Ehrlich’s hwmatoxylin and eosin stain. 
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Flo. 16. — ^Labio-palatnl section through anterior roots of upper camassial tooth of 
a ferret ; nutritionally adequate but bone-free stock bread diet (King and Glover 
ltH5) ; experimental period 26 rveeks. Xote similarity of root excavations to 
those found in hamsters (figs. 1-1 and 15). Defensive barriers to the lesions here 
include both secondary dentine and invasion of the pulp by comcntum-like 
rnatcrial (Cml.). Wcigert’s iron haimatoxylin and Van Gieson stain. X40. 
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tion set up in the periodontal membrane just ahead of the proliferating 
calculus, aided, in the case of the hamster at least, hy gingival impaction 
of food and other debris. The process may he one of proteolysis 
since the same inflammation in the gum adjacent to the enamel is 
innocuous to this much more highly inorganic tissue, and the bacterial 
or enzymic agencies responsible may thus differ from those in caries 
of human enamel (e,g. Pincus, 1937, 1939, 1944). Moreover, root 
cavitation when present does not affect the whole length of cementum 
exposed by calculus, a governing factor perhaps being the degree 
to which the parodontal pockets are pathologically deepened or 
defensively obliterated. It is also of interest that deposition of calcific 
material in the form of calculus may border so closely on zones of 
inflammation and hard tissue destruction. Current histochemical 
studies suggest that in parodontal disease due to calculus the patho- 
logical dental sequelae beyond the amelo-cementum junction may 
depend upon the predominance of alkaline phosphatase activity on 
the one hand and of proteolysis on the other. Excavation of cementum 
or dentine, or both, point to the temporary local ascendancy of 
proteolytic factors, while penetration of the resulting cavities by more 
calculus indicates that the proteolysed debris then forms a suitable 
pabul\im for further phosphatase activity and calculus deposition. 
Enlargement and deepening of the cavities takes a similar course, 
penetration by more calculus following closely in the wake of lysis 
of the tooth root. In the cemental and dentinal cavities, therefore, 
as in the enamel cuticle (King, 1945) and the pathologically exposed 
subgingival epithelium and periodontal membrane, elaboration of 
calculus is related to tissue degeneration. Finally it is of note that 
some of the writer’s specimens of hmnan teeth have disclosed root 
cavities with calculus penetration similar to those in hamsters and 
ferrets. Such material may account for some of the cases of rapid 
“ recurrence ” of deep calculus in man following careful dental scaling, 
since the deposits remaining in the inaccessible root cavities would 
provide excellent foci for further accretions and continued parodontal 
inflammation. 

SUMSIABX 

1. A description is given of the pathology of a form of parodontal 
disease in laboratory hamsters maintained on nutritionally adequate 
rations. The basal ^ets comprised cereal (wholemeal flour, wheatmeal 
bread or white maize), separated milk powder, food yeast, sodium 
chloride, meat and cabbage; experimental supplements included 

vitamm A- and D-free peanut oil, jS-carotene, synthetic vitamin D 
and cod-liver oil. 

2. All of the thirty experimental animals succumbed to parodontal 
disease of fauly severe degree, irrespective of the type of cereal con- 
Slime or of the vitamin A and D intake. It was associated with injury 
ot the gmgivie by salivary calculus, food particles and other debris. 
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3. The calculous accretions are first observed on the enamel cuticle 
in the intercuspal grooves of the molar tooth surfaces nearest the 
orifices of the sahvary -ducts, and soon progress along the cuticle 
towards the neighbouring gingival margin to initiate lesions of the 
parodontal tissues proper. Both calculus formation and parodontal 
disease therefore arise in the same areas of the denture — labially to 
the third molar in the maxiUa and linguaUy to the first molar in the 
mandible. 

4. Following penetration of the gingival sulcus by calculus, the 
course of the disease includes progressive exposure of the subgingival 
epithehum with keratinisation of its dental aspect, providing a new 
expanse of enamel cuticle on which further calculus can be laid down ; 
proliferation of the cellular elements of the subgingival epithehum 
into the corium with associated infiltration of the latter by leucocytes ; 
and the formation of ever-deepening parodontal pockets facihtating 
gingival impaction of food debris and other foreign bodies. 

5. Next, with the progression of calculous and parodontal disease 
beyond the amelo-cemental junction, inflammation of the periodontal 
membrane and rarefaction of the adjacent alveolar bone occur around 
that aspect of the tooth where the primary calculous lesions began. 
At this stage secondary spread of the disease to other aspects of the 
initially affected region has begun, together with extension of the 
process to the approximating structures around the neighbouring 
teeth. At or about the same time labioversion of the maxillary third 
molars and, somewhat later, linguoversion of the mandibular first 
molars begin to result from resorption of their respective external 
and internal alveolar plates. Such conditions, themselves abetted 
by the inherent normal inclination of the teeth in the same directions 
and by the occlusal stresses resulting from the reverse initiation and 
extension of the lesions in the two jaws, add further impetus to the 
disease, the final stages of which include cavitation of the roots, 
sometimes simulating dental caries, and exfoliation of the teeth. 

6. There is some evidence that food debris and other foreign 
bodies may contribute to the disease, not only by direct gingival 
impaction in the wake of sahvary calculus, but also by themselves 
forming foci for further pathological calcification. 

The author’s thanks are due to Mr R. Thorley for preparation of the histo- 
logical material, to Mr E. V. Wilhnott for the photomicrographs and to the 
Medical Research Council for financial support. 
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LOCAL BLOOD-FLOW CHANGES IN 
EXPERBIENTAL BURNS 

S. Skvitt 

Alcdical Kesearch Council, Bums Research Unit, 

Birmingham Accident Hospital 

(Plu'.TBS CHI CIV) 

Whex heat is applied to the skin, tt^o kinds of local change take 
place, namelj’ direct tissue damage due to heat, and an inflammatorj 
reaction showm by redness, stvelling and pain. The influence of this 
reaction upon the course of the bum is usually ignored and it is 
commonly held that the sloughing n-hieh follows certain bums is due 
entirely to direct heat necrosis of the sldn. 

This study is concerned with the changes in the blood flow occurring 
in burned guinea-pig skin and with the relationship of these changes 
to skin sensation, oedema and the subsequent clinical course of the 
bum. Eiddence is adduced to show that -when stasis of local blood 
flow occurs, it is associated with analgesia, is related to oedema and 
causes whole-thickness sloughing of the sldn. 

The use of dyes in the study of burns 

The selective passage of certain dyes from the blood stream into 
burned areas was recorded by Okuneff (1924). This was confirmed 
by Kusnetzowsky (1924-25), who used trypan blue, and by Gibson 
and Brown (1944), who injected Kiton fast green intravenously in 
four burned patients. 

In the present work, burning at known temperatures for known 
periods was combined with the introduction of the dyes brilliant 
vital red (colour index 456) or Evans blue (T1S24) or both into the 
general circulation before or after burning or both. 

These dyes were selected because they are non-toxic, are of 
contrasting colours, combine firmly with the albumin of the plasma 
(Gregersen el al., 1935 ; Gregersen, 1949, personal communication), 
and remain within the circulation for hours. If dye-stained plasma 
3s m the blood stream when a local increase of capillary permeability 
occurs, the dye passes out of the affected vessels and stains the local 
tissues. If the blood flow through the permeable vessels slows down 
and subsequently ceases and dye is then introduced into the general 
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circulation, staining of the affected area does not occur. Such local 
reactions of the burns to the intracardiac injection of these dyes 
either before burning or at known intervals after burning were’related 
to the temperature and duration of burning, the subsequent clinical 
course of the burn and other factors. 


Experimbntai. methods 

Constant temperature burning iron (figs. 1 and 2). This was a hollow brass 
cylinder two in. high, one in. in diameter and closed at one end. A continuous 
supply of hot water circulated through the iron via inlet and outlet tubes, the 
former passing almost to the bottom of the iron (fig. 1). Tlie tenaperature of 
the water near the bottom of the iron was read from a thermometer inserted 
through a rubber stopper in the top of the cyhnder. The circular bottom" of 
the iron, which was the burning surface, was smooth and polished ; the other 
surfaces were lagged with rubber. It was assumed that the temperature of the 
burning surface was that recorded on the thermometer. Any temperature 
between 40° and 80° C. could be maintained for minutes within 0-5° Q. by 
altering both the temperatme of the water supply and the flow through the iron. 
With this iron, circular bums one inch in diameter and caused by a loiown 
temperature were obtained. All temperatures are recorded in degrees centigrade. 

Burning and animals. The bums were made under open-ether anassthesia 
by firmly pressing the iron to the guinea-pig’s back or abdomen. The duration 
of burning ranged from 10 secs, to 20 mins, but usually was either 10, 20, 30 or 
60 secs., timing being carried out with a stop-watch. Burning temperatures 
ranged between 43° and 80°, but over the range of 62° to 76° bums of 10, 20, 
30 and 60 secs, duration were inflicted at intervals of 1°. Most of the bums 
were repeated at least once and the results were consistent. 

In all, 320 brnns were inflicted on 68 albino guinea-pigs of 18-40 ounces wt. 
The number of bums per animal ranged from 2 to 10 but was usually 4 or 6. 
The larger numbers (6 to 10) were inflicted only when the animal was to be 
killed the same day. One or two days before burning, the back, flanks and 
abdomen of the animal were clipped, and either shaved or depilated with bariiun 
sulphide cream. 

Skin temperature determination. Repeated skin temperature records of the 
edges and centres of 16 b\jms (in 4 animals) were made with a resistance type 
electrical recording skin thermometer (Light Laboratories, Brighton). 

Dyes. Evans blue (T1824, I.C.I.) and brilliant vital red (colour index 456, 
National Aniline Co., New York), were made up in 1 per cent, aqueous solutions 
and autoclaved. They were injected intracardially in doses of about 1 c.c. 
In many experiments only Evans blue was injected, either 10-20 minutes before 
burning or ^-6 hours after burning. In other experiments, the red dye was 
injected either before or after burning and the blue dye some hours later. 

Miscellaneous. Very few animals died from the bums but a few died from 
cardiac puncture. The bums were left open to the air and none became septic. 


Experimental observations 

Reactions at the site of burning 

The following descriptions apply to the use of both dyes, but for 
the sake of brevity the hlue dye is referred to in the text unless the 
"i dye is specifically mentioned. 




tLiTB ctn 

Figs. 1 and 2. — Constant, temperature burning non. 

Flos. 3 and 4. — Correlation of oedema, stasis of the blood flow and 
sensory loss in burns. 

The guinea-pig’s abdomen was pencilled into quadrants and burned at 62“ C. for 

j seconds. In fig. 3, photographed f-hour after burning, maiked oedema 
30 I 60 

was seen to have developed in the lower bums but was slight in the upper. Tests 
showed normal skin sensation in the upper bums and analgesia in the lower. 

Evans Blue was injected intracardially 1 hour after bm’ning. In fig. 4, photographed 
20 minutes later, the upper bums have developed patch reactions, indicating 
continuation of the local blood flow ; in the lower, ring-with-orythema reactions 
indicate that stasis bad occurred. 
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Four t^T)es of reaction were noted. When the injection of dye 
preceded burning the following occurred in the burned area. 

Erylhema. The occurrence of local erjiihema Arithout diffusion 
of the dj'e was characteristic of burns of minimal severity. 

Patch reaction. Iir other bums, erythema was succeeded by a 
faint blue colouration of the .skin Avliich deepened in colour and 
developed into a localised circular area of deep blue sldn corresponding 
with the site of application of the burning iron. Tliis is referred to 
as the patch reaction {e.g. top left bum in fig. 6). 

Bing reaction. A diflerent reaction occurred in more severe bums, 
dye appearing at the periphery of the bum in the form of a ring. 
Tj-picaUy the site of application of the heating iron was imstained, 
often it was er 3 fthematous, but at liigher temperatures it was stiff 
and yellow, due to heat necrosis of the sldn. This is called the ring 
reaction. 

Ring-with-erythema reaction. When dye was injected after burning, 
the patch or ring reaction often occurred. In other bums, however, 
another type of reaction took place. This resembled the ring reaction 
in that a coloured ring appeared at the periphery of the bum within 
a few minutes of injecting the dj-e, but the bum itself was alwaj’^s 
erythematous. The central reddening contrasted with the peripheral 
blue outline and for this reason it is referred to as the ring-with- 
erythema reaction {e.g. lower bums in figs. 4 and 6). 


Ring-with-erythema reactions : stasis and stagnation 

This reaction occurred, for example, in a bum at 61° for 1 minute 
when the dye w'as injected 4 hours after burning, but a patch reaction 
occurred in an identical bum on another animal when the dye was 
introduced before burning. The blue patch with Evans blue before 
bummg in one animal indicated that, soon after burning, the blood 
was flowing through capillaries of altered permeability’; but the 
failure of dye to appear in the eiw-thematous area 4 hours after burning 
in the other animal indicated that the flow had ceased under the site 
of application of the burning iron, although it was continuing, with 
increased capillary permeability, in a narrow zone at the peripherv 
Pressure on the slon with a glass sfide failed to obliterate the central 
erjdhema and the skm temperature at the centre of the bum was 
often O-o to 1 less than that of the edge. Cessation or stasis of the 
blood flow V as therefore confirmed. 

The development of stasis in a single burn was shown by the 
use of the two dyes mtroduced at different times in one animal For 
example, brilliant Mtal red was injected intr'icarriinl]',- r 
01 . for .0, .0, 30 OM 00 seconds 

Each burn gave nse to a red patch reaction. Three hours ^ 

Pine was iniected intracardiaUy. In the 10 and 90 T ^ " 

ao red p..c„ reeeuons .ere o.r- oS 
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was still flowing through dermal vessels of altered permeability. In 
the 30 and 60 seconds bums, however, a blue ring developed at the 
periphery of each red patch reaction, which were otherwise unchanged. 
It was concluded that while blood was continuing to flow in the 
zone of graded vascular damage at the periphery of the bmns, stasis 
had occurred in the area underljdng the site of appUcation of the 
burning iron. 

The temporary ring-with-erythema reaction : stagnation 

Some of the ring-with-erythema reactions remained unchanged 
for hours. In others, changes occmred within an hour of injection 
of the d5’’e, often within 10 or 20 minutes. In these, the dye gradually 
spread inwards from the blue edge, encroaching upon and finally 
often obscurmg the central erythema. For example, Evans blue was 
injected 1 horn- after burning at 65° for 20 seconds. Five minutes 
later a typical ring-with-erythema reaction had developed, at 
20 minutes the dye was spreading inwards from the edge, and -within 
an hour the central erythema was hidden. Tliis type is called the 
temporary ring-with-erythema reaction. 

The nature of this reaction suggested that stasis had not occurred 
but that the blood flow through the burn had become greatly retarded, 
in other words that stagnation was present. This was confirmed by 
the observation that, in burns of the same duration in one animal, 
the temporary reaction occurred at burning temperatures just below 
those at which stasis developed and above those at which patch 
reactions occurred. 


Time of onset of vascular stasis 

To determi n e how rapidly stasis of the dermal blood flow develops 
and whether the time of onset is related to the temperature and 
duration of burning, similar bums were inflicted on a number of 
animals, one of which had pre-vdously been injected -with Evans blue. 
The dye was introduced into the others at different intervals after 
burning, usually 1, 2 and 4 hours. In some burns patch reactions 
occurred, in others temporary ring-’with-erythema reactions and in 
yet others “ permanent ” ring--with-erythema reactions. By com- 
paring the reactions of similar bums in these animals, the time limits 
■within which stasis developed were determined, and these were 
compared for burns of increasing severity. 

For example, in 30-second bums at 56° patch reactions occurred 
whether the dye was introduced before burning or 1-4 hours after 
burning, indicating the continued circulation of the local blood flow 
for at least four hours after burning. At 58° to 60°, however, patch 
reactions were obtained when the dye was introduced both before 
and up to 2 hours after burning, but when the delay before injection 
was 4 hours, temporary or permanent ring-with-erythema reactions 
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were obtained. Stagnation or stasis of the blood flow therefore was 
not present within the first two hours after burning but developed 
within the following two hours. At 62° and 04°. patch reactions 
occurred when the dye was introduced before burning, but ring-with- 
erythema reactions occurred with its introduction half-an-liour after 
burning or later. Stasis, therefore, must have set in within half-an-hoiu- 
of burning. At 67° and 68°, reactions identical with ring-uith-erythema 
reactions occurred when the dye was injected before burning, and 
stagnation or stasis must have set in during the period of application 
of the burning iron, i.e. within 30 seconds. Comparable results were 
obtained with bums of 10, 20 and 60 seconds. 



Fig. 5. — The curves show the minimal temperatures and times of burning which 
produce 

(а) stagnation during the period of burning (0—0). 

(б) stasis within 1 hour of burning (1 — 1). 

(c) stasis during the following 3 hours (4—4). 

In figs. 5 and 10 (p. 43S), the curves are based on the results of many bums of 10 
20, 30 and 60 seconds duration at temperatures below, at and above the' temperatures 
recorded. The pomts upon which the curves axe based are the mean points of narrow 
temperature zones of about 2% so that the error of each curve is about d;!'’. 


Stasis, therefore, may set in hours, minutes or seconds after 
burning, the interval decreasing as the severity of bumiog increases, 
imtil It develops within the burning period. This rel^ionship is 
shown m fig 5, M-bere the three curves give the minimal temperatxues 
and times of burning which produce (a) stagnation during the period 
of burnmg, (6) stasis within 1 hour of burning and (c) stasis within 
4 hours of burning Prom these curves the various temperatures of 
burning in bums of constant duration which are required to produce 
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these changes in the blood flow can be ascertained. Similarly the 
various periods of burning required in burns of constant temperature 
can be read off. For example, in bums of 15 seconds, stagnation sets 
in during the burning period when the burning temperature is 73°, 
within 1 hour of burning when the burning iron is between 69° and 
73° and within the next three hours when the temperature is 66° 
to 69°. 


BelationfsMp of stagnation and stasis to burn osdema 

The passage of Evans blue or brilliant vital red into a bum is 
associated with the exudation of a variable quantity of fluid wliich, 
above a certain level, gives rise to clinical cedema. It has been shown 
that stasis in a bum is preceded by a variable period of time during 
which blood continues to flow' through capillaries of abnormal 
permeability. During this period the blood flow becomes progressively 
retarded until stagnation is manifest. 

Cyanosis. Retardation of the blood flow, however, may occur 
without the development of stagnation or stasis and may be detected 
by the development of cyanosis in the burn erythema. Cyanosis of 
peripheral origin is due to greater reduction of oxyhsemoglobin by 
the tissues (Lundsgaard and Van Styke, 1923) and is due, in peripheral 
cyanotic erythema, to slo'sving of the blood flow. Cyanosis was 
observed in many bums during the period preceding the injection of 
the dye and was absent in others. It occurred in aU burns giving 
rise to a ring-with-erythema reaction as well as in some burns failing 
to give this reaction. 

(Edema and blood flow (figs. 3 and 4). The relationship of bum 
cedema to retardation of the blood flow was studied by recording the 
degree of clinical oedema at various times ^fter burning in a series of 
burns at known temperature and of known duration. The observations 
were related to the occurrence of cyanosis and to the rapidit}' of onset 
of stagnation and stasis as determined by the dye technique. The 
results recorded in table I were obtained from 29 burns of 1 minute’s 
duration, and comparable results were found in burns of 10, 20 and 
30 seconds. 

In the 53° and 55° bums oedema did not occur, and the blood 
was stiU flowing through the dermis 4 hours after burning, even when 
slowing of the blood stream was detected (cyanosis present in 55° 
burn). At 56°, oedema developed slowly but was never marked, and 
stagnation was detected 2 and 4 hours after burning. At 58°, cedema 
developed within an hour and increased rapidly during the next hour, 
while stasis did not occur during the IJ hours following burning but 
took place within the next hours. At 59°, 60°, 61° and 63°, well- 
marked oedema developed with increasing rapidity, as did the onset 
of stagnation and stasis. 

It is clear, therefore, that clinical cedema occurs only in burns in 
which stagnation develops, and that the rate and degree of accumula- 
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tion of cfideraa fluid is related to tlie rapidity of onset of this change 
m the blood flow. (Edema is absent or minimal when stagnation 
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Relationship of hum csdema to the development of stagnation and stasis : 
burning iron applied for 1 minute 


Temp of the 
Vmmms 
iron C ) 

Condition of the local blood floir 
as detennined by the reaction of 
the btim to the intracardiac 
miection of Evans blue at 
vanons intervals after burning 

Bam 

craao'is 

Clinical estimate of th“ bum 
oedema at vanoin, intervab 
after burning 

53° 

“ Active ” circulation at 2 
and 4 hrs, after burning 

- 

CEdema absent 

00° 

56° 

»» *♦ 

Stagnation at 2 and 4 hrs. 
after burning 


»» tf 

— at 4 an hr., -r at 14 
hrs., at 2 hrs. after 

burning 

58° 

“ Active ” circulation at 14 
hrs., stasis at 4 hrs. 


J; at 4 an hr., -n at 1 hr., 
-r -f -r at 3 hrs. 

59 and 60° 

Stagnation at 1 hr., stasis at 
4 hrs 


-f- at 4 an hr-, -p -x- at 
1, 2 and 4 hrs. 

61° 

Stasis at 1 hr. 


-1- -1. 4 - at i an hr. 

63° 

Stasis at 4 an hr. 


-f- 4- 4- in iO mins. 


“ Active ” local ciroulatiou = the patch reaction : stagnation and stasis = appropriate 
rmg-mth-erythema reaction : oedema marked, -h -f ~ ; oedema visible, -J- — ; 
oedema palpable, -i- ; cedema shght 


cannot be detected ; when mdema develops rapidly and abundantly 
the blood flow is stagnant and usually ends in stasis (figs. 3 and 4). 
Slowing of the blood flow not amounting to stagnation is not associated 
with oedema. 

Stasis o£ tlie blood flow in burns and its relationsiup to 
analgesia and subsequent whole skin loss 

Stasis and analgesia 

When the animals had recovered from the anaasthesia, the sensibility 
of the hxmied skin was determined by comparing tbe reactions of tbe 
animal to squeezing the burned and local unbumed skin with forceps. 
When sensation was normal, the guinea-pig “ jumped,” when analgesia 
was present the animal ignored the stimulus. Partial loss of sensation 
was inferred from the animal’s lessened reaction. Tests were made 
2-4 times during the six hours following burning. 

In table EC is set out the relationship between sensation in 111 
bums and the state of their local blood flow i-5 hours after burning 
as determined by the dye technique. Only bums in which the local 
circulation continued for some time after burning are included, i.e. 
only biims which would hare given a patch reaction had the dj-e 
been injected before burning. 

All U burns giving permanent ring-with-erythema reactions 
remamed insensitive on repeated testing, i.e. stasis of the blood flow 
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Tvas always associated with analgesia. Of 22 burns giving the 
temporary ring-with-erythema reaction of stagnation, 10 were analgesic 
within 1-1 hour of burning and 3 were normally sensitive during the 
period of test : in 9, however, the results of testing showed a change 


Tabije II 

Local circulation in bums and bum sensibility 


Objective pain sensation 

Reactions of the bums to the injection of dye 

1-5 lirs. after burning 

Patcli 

Temporarj' ring- 
\vitli-erytliema 

Ring-with- 

erythema 

Normal .... 

39 

3 

0 

Changing * . , . 

5 

9 

0 

Absent .... 

1 

10 

44 

Totals . 

45 

22 

44 


* See text 

Numerals refer to numbers of burns 


with time, that is to say, after a period of normal or impaired sensation, 
analgesia or diminished sensibility developed. In 39 of 45 patch- 
reacting burns sensation remained normal ; in 1, analgesia was early 
and permanent ; in 5, sensation changed with time, partial or normal 
sensibility progressing to analgesia in 4 and recovering after temporary 
impairment in 1. 

It has been shown that stasis may take hours to develop, and that 
the rapidity of its onset is related to the severity of the burn. This 
is probably the explanation of the burns in which patch or temporary 
ring-with-erythema reactions occurred and in which analgesia was 
demonstrated, as they were severe enough to have shown the reaction 
of stasis had the dye been injected 2 or 3 hours later. 

Three of the burns in which stagnation was detected retamed a 
permanently normal sensation. As whole skin loss did not sub- 
sequently develop {vide infra) it is almost certain that stagnation of 
the dermal blood flow in these cases was temporary and later returned 
to normal. 

It can be said, therefore, that the development of permanent 
analgesia in a burn indicates that stasis of the blood flow has or wfll 
set in, and that the continued retention of normal sensation indicates 
that active circulation of the local blood flow will continue. It would 
appear, however, that the onset of analgesia and stasis may not be 
simultaneous, analgesia often preceding stasis. 


Skin circulation and depth of skin loss 

Many bums were examined every 2-5 days for a month or longer. 
Four categories of bums, distinguished by thickness of slough, mode 
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of re-epithelialisation and time of healing were recognised, namely ; 
no '^kin loss, superficial sldn loss, partial skin loss and whole skin loss. 

Superficial shin loss (s.s.l.). A thin rubbery slough formed which 
could be rubbed off in 7-10 days, revealing a completely healed bum. 

Partial shin loss (p.s.l.), (e.g. the top left bum in figs. 6-8). The 
slougb varied in thickness and when it was removed a red shallow 
nicer was exposed containing islands of epithelium from which rapid 
healing occurred. 

Whole shin loss (w.s.l.) (e.g. the lower bums in figs. 6-S). A thick 
slough formed and when it was removed after 10-14 days, a bleeding 
and often deep ulcer was exposed. Epithelialisation took place only 
from the edge of the ulcer. 

Stasis and whole skin loss 

Seventy-two bums in which the state of the local blood flow had 
been determined by the dye technique h-o hours after burning were 
classified according to the depth of skin loss. The relationship is 
set out in table HI. More severe bums which would have given ring 

Tabus IH 


Local circulation in burns and subsequent depth of shin loss 


Subsequent depth of skin loss 

Eeactions of the bums to the injection of 
Evans blue 1-5 his. aKer burning 

Totals 

1 

1 

Patch 

Temporarj-ring- 
■with^erythema , 

King-irith- ! 
erythema ' 

Xil 

8 

0 

0 

1 

1 ^ 

Superficial skin loss . 

15 

0 ! 

0 

1 15 

Partial skin loss 

10 

6 

0 

1 16 

Whole skin loss 

3 

5 

25 

J 

i 33 

Totals . 

36 

11 

1 25 

1 

! "2 

1 


Figures refer to numbers of bums 


reactions had the dye been injected before burning are excluded from 
the analysis, as it was shown that such bums are invariably w.s.l. 
burns. AH the 25 bums producing permanent ring-with-erythema 
reactions and only 3 of 36 patch-reacting bums went on to w.s.l. 
The severity of these 3 bums suggested that had the dye been injected 
later, ring-with-eiythema reactions would have occurred. The 
remainder of the patch-reacting bums suffered either no skin loss, 
superficial loss or at most partial skin loss. 

Of the 1 1 bums in which stagnation was detected, only 5 developed 
w.s.l., in the remainder the loss was partial. In these w.s.l. bums, 
stasis must have followed stagnation of the blood flow, hut in the 
other sis, stasis could not have occurred through the full depth of 
the skin. Recovery of normal blood flow in the deeper part of tbe 

I. TATU. EACI.— YOl. 1X1 „ „ 
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dermis must have taken place, otherwise it would have sloughed, 
and heahng from dermal epithehum would have been impossible. 

Thus the depth of sldn loss is closely associated Avith the state of 
the dermal blood flow. When blood continues to circulate, whole 
skin loss does not occur, but the onset of stasis is followed by sloughing 
of the entire depth of the skin. 

Sensation and skin loss 

A separate analysis of the sensibility in 101 bums and the 
subsequent depth of sldn loss was made. 

Of 46 w.s.l. burns, analgesia was early and permanent in 43 ; in 
the others, the onset was delayed for some hours. On the other hand, 
normal sensation was retained in aU the 31 bums in which skin loss 
was absent or superficial. Variable results were obtained with the 
24 p.s.l. burns. In 10, sensation was normal, in 2 it was absent and 
in 12 it changed during the first six hours after burning. In these, 
sensation either returned after early loss, or analgesia developed after 
some hours. 

Thus the result of testing pain sensation in a burn is, in general, 
a rehable index of its future course. If the stimulus can be felt some 
hours after burning, the loss will at most be partial and epithelial 
heahng wiU take place from the epidermis or dermis of the burned 
skin. The presence or development of analgesia, however, indicates 
the probable development of whole skin loss. 


Example of an experiment to show the relationship between 
stasis, analgesia and whole skin loss 

The results of one experiment wloich showed the relationship 
between the blood-flow changes in bums, sldn sensibihty and sub- 
sequent depth of skin loss are shown photographically in figs. 6-9. 
All the photographs are of the same guinea-pig. The abdomen was 
pencilled into quadrants and circular bums were inflicted, the 
temperature (° C.) and duration (seconds) of which were as {a). 
Tests of skin sensation revealed these results, namely (b) where 



(o) (t>) (C) 


S = sensation normal and A = analgesia. It is to be noted that 
the 65° for 20 seconds burn was uneven, due to temporary slipping 
of the burning iron, half of the burn being analgesic and half sensitive. 


J. J’ATU. BACT.— VOL. LXI 


Plate CH* 


Local blood flow rs EXPEnrsEEKT.VL bebss 



Fir.S. G-fl. RF.L.\T10N.‘!Hn’ of the L0C.\L blood flow Ei BLT'.NS TO SENSATION 

AND SFitsEQrENT DEPTH OF SKIN Lo.ss. (For explanation see text, p. 43G.) 
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Tliree hours later, Evans blue was injected intracardia%. In 
hg. 6, the 63° for 10 seconds bum has developed a patch reaction 
indicating continuation of the dermal blood flow, both of the 63° 
bums developed ring-with-erythema reactions indicating stasis of the 
dermal flow and half of the 65° for 20 seconds bum showed a patch 
reaction, the other half a ring'-with-erjiihema reaction. 

The subsequent course of the bums is shorni m figs. 7-9. Sloughs 
had formed by the 5th day and were removed on tlie 12th. By then, 
almost complete epithelial healing from the floor of the bum had 
occurred in the 65° for 10 seconds bum. In the lower two bums 
granulating ulcers had formed, healing was by epithelial ingrowth 
from the edge and skin cover was slow. Half of the 65° for 20 seconds 
bum was epitheliaUsed from the floor within 12 days and in the other 
half healing occurred from the edge of the bum. The results may be 
represented schematically as in (c) (p. 436), where P and W = partial 
and whole skin loss. 


Relationship of severity of burning to the triad of stasis, analgesia 
and ivhole skin loss : dermal threshold temperature 

The minimum temperatures for bums of 10, 20, 30 and 60 seconds 
at which (1) stasis set in within 4 hours of burning, (2) analgesia of 
the skin occurred and (3) whole skin loss developed are all plotted 
in fig. 10 and three appropriate curves drawn. These are strikingly 
similar and, allowing for esperimental error, may be considered 
identical. Thus in bums of between 10 and 60 seconds duration, a 
series of minimal temperatures exists at wliich local vascular stasis, 
analgesia and whole skin loss occur. If this relationship holds good 
for bums of longer duration, then in a theoretical bum of infinite 
duration there must be a minimal burning temperature at which 
sensation is lost, vascular stasis develops and whole skin loss occurs. 

Extension of the curves to the right indicates that this minimal 
temperature lies between oO" and 55°. The actual temperature has 
not yet been accurately determined but these limits have been con- 
firmed in bums of 2-10 minutes duration. 

ilendelssohn and Rossiter (1943-44) have shown that the 
equilibrium ^subcutaneous temperature obtained with a prolonged 
bxim at 50° is 45° and with burning at 55° it is 50°. Thus the 
equilibrium subcutaneous temperatxire of a bum between the above 
limits is between 45° and 50°. The mean temperature of the dermis 
must be somewhat higher than this, say between 48° and 52°. This 
maj* be the lowest or threshold temperature to which the dermis 
must be heated before stasis, analgesia and whole skin loss will follow. 
If this explanation is correct, the threshold temperature must be 
reached m 60 seconds when the burning iron is at 58° to 59° as this 
is the lowest temperature at which the above triad develops in l-minute 
burns (hg. 10). From Mendelssohn and Rossiter’s data, the sub- 
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cutaneous temperature 1 minute after applying the burning iron at 
60° was about 48-4°. This supports the theory that unless the dermis 



S£COr/DS 

Fig. 10. — The three curves show the minimal temperatures and times of burning 
which produce stasis within 4 hours of burning, analgesia of the skin and whole skin 
loss. The curves are strikingly similar and may be considered identical. 


is heated to a minimal or threshold temperature during burning, the 
triad of stasis, analgesia and whole skin loss will not occur. 

Discussion 

Galen (130 to circa 210 a.d.) was the first to record that inflamma- 
tion could be caused by many agents, including heat, but it was not 
until the classical work of Cohnheim (1873, 1889) that the underljdng 
vascular changes were investigated. His studies included the changes 
in the blood flow which followed immersion of the rabbit’s ear in water 
at different temperatures. He showed that, after an initial acceleration, 
slowing of the local blood flow occurs, that this is associated with the 
exudation of fluid and may be followed by stagnation and stasis. 

In studies of frost-bite, Kreyberg and Rotnes (1931), Greene (1942, 
1943), Lange and Boyd (1945) and Kreyberg (1946, 1949) have 



LOCAL BLOOD-FLOW IN EXPEEIMENTAL BURNS 439 

emphasised that the hypersemia and oedema present are part of an 
acute inflammatory reaction in the aifected part : if freezing is severe 
enough, stagnation and stasis of the hlood flow occur. We have 
confirmed that in the inflanunation of bums similar changes may 
take place, so that the changes produced by heat and cold injuries 
have much in common. 


Stasis and whole shin loss 

Let rm consider the relationship between vascular stasis and 
whole skin loss. Kreyberg and Rotnes (1931) and Kreyberg (1946) 
showed that when stasis of the blood flow occurs after frost-bite, 
necrosis of the affected part follows, the necrosis being due to permanent 
tissue anoxia. It may be argued that, although there is a correlation 
between vascular stasis and skin sloughing in bums, the latter does 
not depend on cessation of the blood flow. Glenn (1944) suggested 
that the distension of the tissues due to bum oedema may interfere 
with the nutrition of the skin and be responsible for extension of the 
tissue destmction. We have shown, however, that in guinea-pig 
bums clinical oedema only occurs when there is extreme retardation 
of the blood flow and this commonly ends in stasis. Glenn’s observa- 
tions on tissue destruction may therefore be related, not to the oedema, 
but to the associated development of stasis. Further, it may be 
argued that both stasis of the blood flow and whole thickness sloughing 
of the skin are due to the direct effects of heat, or indeed that heat 
necrosis or necrobiosis may precede and cause the stasis. However, 
we have seen that cyanosis occurs in the bums in which retardation 
and finally stasis of the blood develops. Cyanosis indicates respiratory 
activity and therefore some elements of the skin must have been alive 
for some time after the removal of the burning iron. Furthermore, 
Leach et al. (1943-44), in a histological study of guinea-pig bums, have 
shown that there is a vertical distribution of skin changes of decreasing 
severity, and this has been confirmed by us for many guinea-pig and 
human bums. For example, in a bum at 65° for 1 minute, excised 
2 hours after burning, Leach et al. have shown that the surface of the 
skin is rendered necrotic and that the epithelial changes are irreversible 
superficial to a depth of 0-12 mm. However, at and below a depth 
of 0-37 mm. from the surface, changes in the hair follicles are slight 
or absent. Nevertheless, the whole thickness of the skin invariably 
sloughs in such a bum. Instead of forming foci of epithelial regenera- 
tion, the viable follicles finally become necrotic. We believe that this 
is an ischaimic change due to stasis. 

Heat can directly produce irreversible changes in the whole s kin , 
however, ^ if the thermic injury is severe enough, and we agree that 
whole thiclmess sloughing of many bums is due to direct heat necrosis. 
V\ c recognise, therefore, two kinds of whole sldn loss bums, namely 
those due to direct heat necrosis of the dermis, and those due to stasis 
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of the blood flow, the latter commonly associated with superficial 
heat necrosis. In the former the sldn is avascular, whitish or yeUow, 
and possibly charred : in the latter inflammatory redness and swelling 
occur. 


The blood cells in stasis 

The changes in the blood leading to stasis may be observed directly 
by examining the minute vessels in the burned area mth a microscope. 
The blood is at first seen running quickly through aU the minute vessels 
of the skin hut as the flow becomes stagnant and then static, the red 
cells adhere in clumps and are found as tightly packed masses in the 
capillaries and veins. This process, however, is not thrombosis. 
Tannenherg and Fischer-Wasels (1927, quoted by Kreyherg, 1949) 
state that the clumped red cells can separate and individually re-enter 
the blood flow. Histological examination of burned skin in which 
stasis of the blood flow was diagnosed by the dye technique shows 
the capillaries tightly packed with blood corpuscles. The individual 
structure of the corpuscles appears unchanged if the skin is excised 
soon after the onset of stasis, but if this is delayed for several hours, 
confluent intravascular, eosinophilic masses, usually interpreted as 
thrombi, are to be fovmd withhi the capfllaries and venules. There 
is some doubt, however, whether these structures are true thrombi. 
It is possible they are actually clumps of blood cells imdergoiog 
necrosis, this necrosis being part of the general necrotic change 
occurring in the area affected by the stasis. 

Reversibility of the blood flow changes 

Brown and Landis (1947), who produced stasis in the frog by 
freezing, claim to have observed the removal of plugs of packed 
corpuscles by in-flowing blood, and the resumption of a normal blood 
flow in the vessels. Although Kreyherg (1949) observed the dissolution 
of stasis in individual vessels, this only occurred to a slight extent 
and did not affect the whole part. 

Stasis in guinea-pig burns is invariably followed by whole sVin 
loss, which would suggest that, in burns, it is an irreversible change. 
It is important to establish, however, whether the irreversibility is 
due to stasis per se or to subsequent thrombosis. Lange and Boyd 
(1945) claim to have prevented the necrosis which normally follows 
the stasis due to severe frost-bite by heparinising their animals. This 
was not confirmed by subsequent workers (Quintanilla et al., 1947 ; 
Schumacker et al., 1947). 

Induced reversibility of stasis in frost-bite therefore is stiU an 
open question : as far as we are aware it has not been investigated 
in burns. 

With regard to the reversibility of stagnation, the question is 
less in doubt. In a number of bums in which stagnation of the blood 
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flow was detected we have seen partial and not whole skin loss sub- 
sequently develop. This suggests either that stasis of the blood flow 
did not follow stagnation, or if it did that it w'as localised to the 
superficial part of the dermis. Recoverj' of the normal blood flow 
in the deeper part of the dermis must have taken place, ^ otherwise 
healing from dermal epithehum would have been impossible. This 
indirect evidence of the reversibility of stagnation needs to be con- 
firmed by a more direct method, e.g. by the detection, with the double 
dye technique, of a. patch reaction in a bum subsequent to the 
occurrence of a temporary ring-with-erythema reaction. 


SUVDIAEY 

1. The effects of experimental bums produced in guinea-pigs by 
known temperatures applied for known periods were studied and the 
consequent qualitative blood flow changes in the skin were investigated 
by the use of circulating Evans blue or brilliant vital red or both, 
injected either before or after burning. The resiilts were correlated 
with the burning temperature and time, with the sensory changes 
in the bums, with the development of oedema and cyanosis and with 
the subsequent depth of skin loss. 

2. Continuation of the dermal blood flow in a bum was accompanied 
by normal sMn sensation and by the absence of both clinical oedema 
and subsequent whole skin loss. The development of stasis was 
associated with clinical oedema and analgesia and followed by whole 
skin loss. 

3. A dermal threshold temperature is postulated at and above 
wliieh the triad of stasis, analgesia and whole skin loss develops. 

4. Some of the implications of stasis in bums are discussed. 


This vork was earned out at the ^ledical Research Council’s Bums Research 
Unit, Birmingham Accident Hospital, under a part-time grant from the M.R.C. 
I wish to thank Dr C. X. D. Cruickshank for his interest and help. Professor M. I. 
Gregersen for valuable ad%-ice on dyes, and iliss M. Hayes, Hrs F. Lowe and 
Mr J. Evatt for their help. 
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THE STAIXEsG OF ERYTHROCYTES Es' TISSUE SECTIONS 

A XEW METHOD AXD OBSEBVATIOXS OK SOSrE OF THE MODOTED 

AfATTO BY coKKEcrm; tissue staiss 
Auak C. Lekdhum: 

From the Department of Pathology, The University of St Andrews 
and the Royal Infirmary, Dundee 

Specific demonstration of the erythrocytes in sections is occasionally desired 
hj- practicallj- everyone vrho labours tmder the ambiguous title of animal 
histologist. Probably the peak of selectivity is achieved by the Pickworth 
methods (Mallory, 1938) vHch, in frozen sections of brain at least, can provide 
an unquestionable demonstration, but unfortunately there has been no method 
of equal specificity applicable to paraffin sections. 

For the effective demonstration of erythrocytes in tissue sections from 
pataflan it is, of course, essential to have reasonably fresh tissue because after 
death the haemoglobin escapes from the erjthrocytes and it is only the intact 
erythrocyte rrhich shovs a useful aflSnity for dyes. 

The choice of fixative is similarly of fundamental importance because many 
otherwise excellent fixatives can destroy the integrity of the erythrocyte as 
effectively as post-mortem change. The alcoholic fixatives are all lytic for 
blood except in very thin sections of tissue, as are also all the more acid aqueous 
fixatives, including mercuric chloride and such mixtures as Zenker’s and Bouin’s 
(with its modifications) and Heidenhain’s Susa solution. For really fresh tissue 
formol-sublimate (Lendrum, 1947) and Zenker-formol are suitable, but if post- 
mortem lysis has begim, then a plain formahn mixture (formol-saline, Kaiserling 
or Pick-Jores) will fix the erythrocjdes with the least amount of additional 
lysis. There is, however, one serious disadvantage of the formalin fixatives 
for post-mortem material, the formation of so-called formalin deposit (Lillie and 
Hershberger, 1947), which, it should be remembered, may be formed in fresh 
tissue if extravasation of erythrocytes had occurred during life, as for example 
in a surgically removed haematoma. Avoidance of this deposit is of particular 
diagnostic importance in cases of malaria (Lendrum, 1944). Fortunately it 
is possible to give the fragile erythrocytes a protective primary fixation with 
formalin by 4-6 hours immersion, within which time formalin deposit has 
scarcely begun (Lendrum, 1941) ; they are then able to withstand the lytic 
action of the saturated aqueous mercuric chloride to which the tissue is trans- 
ferred for further fixation. Their susceptibility to lysis by alcohol and water 
mixtures is not completely removed by the short formalin treatment. 

Tlie gaming methods used in the past have been either fully differentiated 
uorescein staining or the use of prolonged phosphotungstic-acid differentiation 
o fuchsin (C.I. 692) ; the former was often performed by overstaining 
^ * etlnl eosin (C.I. 770) followed by prolonged washing in water and alcohol ; 

10 alter by overstaining with an acidulated aqueous solution of acid fuchsin 
^”ol differentiation in 1 per cent, phosphotungstic or phospho- 
and' t methods, however, show retention of the dye in muscle 

•obln ^ P^^lcr extent, in fibrin and the various acidophil granules. The 
P xin- artrazine method (Lendrum, 1947) is similar to the first scheme, 
riin racT— roi. ixt 443 
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although if anything more effective, and has been successfully used in the 
study of the renal circulation (Trueta c{ al., 1947). The picro-Biebrich variant 
of Masson’s method as described below resembles the second scheme (especially 
if the nuclear staining be omitted) and has the advantage that under the 
conditions of the method as described, the red dye has a greater affinity for 
erytlirocytes than for muscle, granules or fibrin. One can, with this method, 
obtain very clear demonstration of the distribution of erythrocytes by observa- 
tion or photography tluough a red absorption (blue -green) filter. 

One of the fascinations of Mallory’s connective tissue stain lies in its 
susceptibility to modification. In the years since its introduction, endless 
variants have followed, most of them along the tluee main streams begun 
by Gallego, Heidenhain and Masson. The waywardness of Mallory’s own 
method was to some extent responsible for its valuable progeny but unfortimately 
none of these inherited the virtue, particularly valuable to the pathologist, 
of staining fibrin a different colour from blood. The importance of this distinction 
in morbid anatomy led the writer to try to obtain this result under control 
and in the picro-Mallory methods (Lendrum and McFarlane, 1940 ; McFarlane, 
1944) the pathologist has teclmiques of particular value for this purpose. 

I 

Recent work has shown that the specific staining of the fibrin is improved 
by the use of a strongly acidified fuchsin solution. A one per cent, aqueous 
solution of acid fuchsin containing 3 per cent, of trichloracetic acid has been 
foimd to give particularly good results in the method as detailed below. This 
solution gives, in addition, a clear red nuclear stain and can very well replace 
the fuchsin solution of the original Mallory method. Apparently acid fuchsin, 
which is a sulphonated dye, dissociates in an acid medium to give some free 
basic fuchsin and thus stains the nuclei. It is probable that at the time of the 
original Mallory methods there was enough rmsulphonated fuchsin present 
in the acid fuchsin then available to give good nuclear staining. The greater 
purity of modem dyes may explain why recent worlcers have had to insert a 
separate nuclear stain into the original method, or have evolved variants giving 
special nuclear staining. This swing towards basic activity in acid solution 
provides a possible explanation of the variable results obtained with Mallory 
methods on the pituitary. 

The acid picro-Maelory seethod 

Paraffin sections to water. 

Stain with celestm blue 3-7 minutes in jar. 

Rinse in tap water. 

Stain with Mayer’s hsemalum 3-7 minutes. 

Wash in tap water 2 minutes or longer. 

Rinse in methylated spirit (96 per cent.). 

Stain with picro-orange (0-2 per cent, orange G (C.I. 27) in 80 per cent, 
methylated spirit saturated with picric acid) 2 minutes. 

Stain with 1 per cent, acid fuchsin in 3 per cent, aqueous trichloracetic acid 
5 minutes. 

Rinse in water. 

Dip briefly in equal parts picro-orange and 80 per cent, methylated spirit. 

Treat with 1 per cent, aqueous phosphotungstic acid at room temperature 
6-10 minutes. 

Rinse in water. 

Stain with 2 per cent, soluble blue (C.I. 706) in 2 per cent, aqueous acetic 
acid 2-10 minutes. 

Rinse in water. 

Dehydrate with absolute alcohol, clear and movmt. 
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Nohs on the method 

Preparation of ceJestin 6n/f. Allow 2-5 g. of iron nlum to <li==>olvo ovemiphi 
nt room temperatiiro in 50 ml. of distilled wder : to tin'? nckl 0-25 g. of colcsliri 
blwo (C.I. 900) and boil for 3 minutes ; filter when cool into n staining jar and 
add 7 ml. of glycerol. Tliis solution maintains its cfilciency for Ec%’cral months. 

Preparation of Mayer's hecrnalum (1903 formula ; sec licndnim and 
JIcFarlanc). Allow 1 g. of ha'matoxj-lin, 0-2 g. of sodium iodato and 50 g. of 
powdered potassivim alum to dissolve overnight at room temperature in I litre 
of distilled water ; to this add 50 g. of chloral hydrate and 1 g. of citric acid 
and bon for 5 minutes. When cool it is ready for use. With some brands of 
luematoxA-lin it pays to double the content. 

Tlie combination of celestin blue followed by Mayer’s htcmalum gives a 
nuclear stain which resists phosphotvmgstic or phosphomolybdic acid, and is 
distinctly less susceptible to aqueous picric acid than are most iron hccmaloxj-lins. 
Tliis last property makes it a particularly valuable nuclear stain before Van 
Gieson’s solution. The celestin blue jar lasts for months and the hrcmalum is 
the routine solution which in a busy laboratorj' is always fresh. If both solutions 
are new, shorter staining times are adi-isablo but better results can bo obtained 
by differentiation, using 0-1 per cent, nitric acid, wliich, ns Colo (1943) noted 
with iron hrematoxj'lin, retains the black colour on the chromatin. Tho combined 
nuclear stain followed by nitric differentiation gives excellent chromatin staining. 
By using the combined nuclear staining in this method one darkens tho nuclei 
and so throws up more vividly the pure red of the fibrin. 


II 

When the specific demonstration of fibrin is not important then tho Masson 
type of variant is generally preferred, with its strong colour distinction between 
c}-toplasm and collagen and its sharp black nuclear stain. The nuclear stain 
m Heidenhain’s and Gallego’s methods is less controllable than in Masson’s, 
and in both, the red dye is apt to give an unpleasant refractile effect where 
the chromatin is closely aggregated. On the other hand, both the German 
and the Spanish method have an attractive general transparency often lacking 
m the French. 

Tlie method now to be described gives the clear nuclear staining of the 
Masson type and the transparency of the Heidenliain, with the further attribute 
of staining the erythrocytes in a brilliant and fairly selective way. Despite 
its apparent complexity, the method behaves consistently in different hands 
and the solutions keep well. Thus one can ask for the method at any time 
and be reasonably sure of a good result, given of course, good sections &om 
Well -fixed tissue. 

Fixation. All the tissues used were fixed in formol-sublimate or formalin 
followed by saturated aqueous mercuric chloride (Lendrum, 1941), 


The picbo-Biebbich; method 

Paraffin sections to water. 

Stain with celestin blue 3-7 minutes in jar. 

Rinse in tap water. 

Stain -^rith Mayer’s hsemalum 3-7 minutes. 

M ash ia tap water 2 minutes or longer. 

aturated aqueous picric acid 5 minutes. 

Rinse in tap water. 

Rinse in methylated spirit (95 per cent.). 
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Stain with picro-orange (0-2 per cent, orange G (C.I. 27) in 80 per cent, 
methylated spirit saturated with picric acid) 2 minutes. 

Rinse in tap water. 

Rinse in cellosolve. 

Stain with Biebrich scarlet (C.I. 280) satirrated solution in cellosolve 2-3 
minutes. 

Rinse in cellosolve. 

Rinse in tap water. 

Phosphotungstic acid 1 per cent, aqueous solution 5 minutes. 

Rinse in water. 

Stain with 2 per cent, soluble blue (C.I. 706) in 2 per cent, acetic acid 
2-10 minutes. 

Dehydrate with absolute methylated spirit. 

Xylol. 

Notes on the method 

There appears to be an interaction between the picro-orange taken up by 
the erythrocytes and the Biebrich scarlet (or croceine scarlet, C.I. 286 ; or 
paper red, C.I. 252) if the red dye be in cellosolve ; the results are much less 
specific with an aqueous solution. Further, with the method as given, the red 
dyes under the action of phosphotungstic acid come easily out of the collagen 
and thus the final blue in the coUagen is pure and translucent. This last may 
be due in part to the picric acid, because a transparent blue is fairly character- 
istic of the interesting McFarlane variants of the basic picro-Mallory method. 

It is not suggested that the picro-Biebrich method has a wide scope in the 
ordinary run of diagnostic histology, but any worker who has used the method 
will realise that for certain types of tissue it has a definite value. Certainly 
no single one of the Mallory variants is ideal for aU purposes and it is part of 
histological sldll to know the method which will prove most profitable in any 
special instance. 

If the demonstration of muscle be the main reason for using a trichrome 
staining, one would reject the picro-Biebrich method along with Heidenhain’s 
and Gallego’s. In that case, one should use as first counterstain a dye with a 
greater afiSnity for muscle and the second counterstain should be one of low 
colour contrast. These desiderata are satisfactorily met in the lissamine red- 
tartrazine method (Lendrum, 1947, p. 452). This red dye, lissamine fast red 
BS, is a monazo dyestuff produced by coupling gamma acid on to acetyl meta- 
phenylene diamine sulphonic acid (I.C.I. Ltd.) ; it does not keep well in aqueous 
solution but a stock solution of 10 per cent, in 5 per cent, trichloracetic acid, 
which keeps for some months, can be diluted with water to give a 1 per cent, 
worldng solution. 

Ill 

Thus far, quite the most selective staining of erythrocytes in sections from 
paraffin, fixed as described above, has been obtained by staining with brilliant 
Idton red B (C.I. 748). This commercial dye, made by Ciba of Basle, Switzerland, 
was obtained through the courtesy of the Clajfi;on Aniline Co. Ltd., Manchester. 
It dissolves readily in cellosolve to give a strongly colom-ed solution with some 
sediment, presumably inert salts, which can be ignored. 

The kbag (kiton-ked aemond-gbeen) jiethod 

Stain with Mayer’s (1903-04, cited by Lendrum, 1947) hasmalum. 
Differentiate if necessary, wash and blue. 

Rmse with cellosolve from drop bottle. 

Immerse in satmated solution of brilliant kiton red B in cellosolve, 20 minutes 
to 1 hour. 
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Differentiate in tap -n-ator. 

Rinse vrith almond-green cellosolvo solution. 

Rinse briefly vrith cellosolvo from drop bottle. 

Replace ccUosolve ^ritll xylol from drop bottle. 

Mount in polystyrene (B.P.S., Kirkpatrick and Lcndmm, 1941 ; Lendrum, 

1947). 

Notes on the hilon-rcd abnond-gnen method 

Any htemalum can bo used, but if photography of the erythrocytic distribu- 
tion is intended, the nuclear stain should bo light or omitted. The time of 
staining in the kiton red need not bo verj’ exact, but it is necessary to uso the 
dye specified and to uso it in ccUosolve ; an aqueous solution is ineffective, 
■riie almond-green solution is a mixture of saturated solutions in cellosolvo of 
tartrazine (C.I. 640) * and of lissamino green BN 200 {I.C.I. Ltd.) ; the 
proportions are adjusted to give a yellow-green staining to all tissues other 
than the eiythrocjdes. This contrasts visually with the purplish red of the 
erj-throcj-tes and a minus red (cyan) filter renders the crj-throcytes quite opaque 
against a pale although recognisable background. 

Muscle, fibrin, the granules of Paneth cells and the Russell bodies of plasma 
cells all lose the red on washing with water, pituitary granules are decolourised 
in the almond-green cellosolvo solution, and almost the only materials other 
than erythroojdes retaining the red in this method are the acidophilic granules 
of the eosinophils. A few smaU kitonophil granules have been seen in one case 
in occasional epithelial cells of a major bronchus. 

Incidentallj-, brilliant staining of the acidophils of the pituitary is obtained 
by using the cellosolve kiton-red solution as the first cytoplasmic stain in the 
Masson type of procedure : — nuclear staining with celestin blue and hmmalum, 
kiton-red staining, differentiation and fixation with phosphotungstic acid, 
second staining with light green. 


StrsniABT 

The principles of the fixation of erythrocytes in tissue are discussed, with 
special reference to post-mortem material. 

Modifications of the Mallory connective tissue stain are considered and an 
improved method is given for the differentiation of fibrin from blood, the acid 
picro-MaUory method. Another variant is described, the picro-Biebrich method, 
which shows brilliant staining of erythrocytes along with a delicate trichromic 
background. 

A new procedure, the Krag (kiton-red almond-green) method, is described 
for the selective staining of erythrocytes in sections &om paraflon. 

Grateful acknowledgment for careful technical assistance is made to W. 
Carson and W. Penny, Glasgow, and to J. W. CorkhUl and D. S. Fraser, Dundee. 
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ACID FIXATION (1) FOB THE PBEl^NTION OF ABTEFACTS 
AND (2) FOB DECALCIFICATION OF BONE 

J. H. Bayley 

Department of Morbid Anatomy, University College Hospital 
Medical School, London 

One of the most annoying artefacts met vrith in histology is “ pink disease,” 
which especially affects formol-fixed biopsy specimens of Ijnnphatio tissue 
and glandular epithelium. It gets its name from the appearance of the nuclei, 
which partly or wholly reject alum haematoxyHn, and become acidophiUo. 
K 2 parts of glacial acetic acid are added to 98 parts of 10 per cent, formalin 
this artefact does not occur. Acetic acid penetrates tissue rapidly and evenly, 
and seems to carry the formalin through the tissue with it. Unfortunately the 
specimen is often damaged by imperfect fixation before it reaches the laboratory, 
and the acetified formol is then of little value. If the de-paraffinised section 
is put into 1 per cent, hydrochloric acid in absolute alcohol for at least one hour 
before staining with alum hsematoxylin, quite good nuclear staining results. 

Since this indifferent nuclear staining with alum hsematoxylin is not due 
to acid, it seemed worth while finding out if it is necessary to neutralise decalcified 
tissue. Pieces of formol-fitxed bone were kept for different intervals of time in 
the acids commonly used for decalcification ; in each case better nuclear staining 
was obtained when the tissue was transferred to absolute alcohol without 
neutralisation than when it was neutralised before alcohol treatment. With 
certain acids the use of graded alcohols was detrimental. For practical purposes, 
10 per cent, nitric acid in water provides a rapid and reliable decalcifying agent. 
It should be replaced daily, and the tissue removed immediately effervescence 
ceases. Nitric acid is a tissue fixative and hardens the tissue ; therefore nothing 
is gained from over decalcification, which often produces a yellow discolouration 
of the tissue and causes poor nuclear staining. This tissue discolouration is 
also produced when the temperature of the decalcifying fluid exceeds 70° F. 
The chief cause of tissue hardening is imdoubtedly faulty dehydration, and to 
avoid this the final alcohol should be kept dry with anhydrous copper sulphate. 
Contrary to general opinion, perfectly dehydrated and cleared tissue can be 
left in molten wax for many days without becoming unduly hard or suffering 
distortion. Tissue normally requires at least 12 hours in molten wax for 
thorough impregnation. Giemsa diluted with 1 per cent, acetic acid provides 
a useful counterstain to Ehrlich’s acid hsematoxylin. Cartilage, newly formed 
bone and certain parasites difScult to demonstrate with hsematoxylin and 
eosin are well defined by this method. 
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siwplc method Jor dccaldfication and Maining of bone 
i. Fix slices of bono, not thicker than 3 rnm., in 2 part's of glacial acetic 
acid and OS part's of 10 per cent, formalin for at loa'st 3 cla%-s,_ 

ii Decalcify 'svith 10 per cent, nitric acid in water, changing the liuicl dailj 
and iea%dng the iar open. Remove tiisuo immediately efrervc'sccnco.cc.yip. 

iii. Tra^fer tissue direct to absolute alcohol and dehydrate rapidly but 

thorouglily. , u 

iv. De-alcoholise with chloroform for 12 hours and impregnate with molten 


paraffin wax. _ . 

V. Stain sections "witli Ehrlicli's liPDmftto?c3i*lin, difTorcntmtinc rather longer 

than usual. 

vi. Blue with tap water ; rinse with distilled water. 

vii. Counterstain for 10 minutes with : — 


Giemsa . ■ . - • • .15 parts 

1 per cent, glacial acetic acid . . . 10 „ 


For the sake of economy this should be done on the slide. Rinse stain off with 
distyied water and blot. 

viii. Differentiate and dehydrate with absolute alcohol. Xylol. Mount in 
D.P.X. 

The counterstain is controlled partly by the proportion of acetic acid, more 
acid providing stronger eosin staining, and the final alcohol, which extracts the 
blue stain. The method works well through a coating of coUoidin. Any 
Romanowsky-type stain may bo substituted for Giemsa, which was chosen 
because it is less liable to precipitate. 


I am very grateful to Professor G. R. Cameron, F.R.S., for his help in the 
preparation of this paper. 


6i6 . 12 — 007 . 22 

PERSISTENT t’FNODS VALVES OF THE HEART 
R. A. B. Drctby* 

Department 0 / Morbid Anatomy, University College Hospital 
Medical School, London 

(Plate CV) 

Persistence of the venous valves of the heart is not uncommon, but large 
Eustachian valves are seldom seen in the post-mortem room. In view of their 
association (and not infrequent confusion) in the literature witb Cbiari’s network 
the following case is thought to be of sufficient interest to be recorded. 

^ The Eustachian valve or valve of the inferior vena cava is usually represented 
m the adult heart hy a muscular and membranous fold which extends from 
e region of the fossa ovalis along the sinus septum to the anterior part of the 
n ce of the inferior vena cava, where it disappears. It is seldom more than 
cm. and is usually entirely absent. The Thebesian valve lies below the 
us seman valve, and forms the valve of the coronary sinus ; its variations 
are of little importance. 


In receipt of a grant from the Medical Research Council 
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Description of specimen 

The heart was that of a 48-year-old woman. The patient, a diabetic, was 
admitted to hospital in extremis and died a few hours later. 

The heart weighed 360 g. The pericardium was normal, the myocardium 
pale and oedematous and there was some hypertrophy of the left ventricle. 
AU the valves were normal and showed no changes apart from slight atheroma 
of the mitral. There was no ante-mortem thrombosis. 

Through the orifice of the inferior vena cava a fenestrated membrane was 
seen extending over approximately S/Srds of the lumen. The right auricle 
was opened by an incision through the orifice of the superior vena cava to a 
point ^ cm. anterior to the orifice of the inferior vena cava. This displayed a 
membranous Eijstaehian valve (fig.) attached to the inferior sinus septum, 
the anterior margin of the orifice of the inferior vena cava and the lower end 
of the crista terminalis. The free edge of this valve-like structure measured 
4-6 cm. in lengtli and was verj' lax. The maximum height of the valve was 
2*5 em. There were numerous fenestrations and in part the structtue was 
made up only of a network of fine threads. The Thebesian valve was 1 cm. 
wide end divided the orifice of the coronary sinus into two parts ; it contained 
one fenestration. Both valves were made up of glistening white endocarditun 
and contained no macroscopic muscle fibres. The foramen ovale was not 
patent and there were no other congenital abnormalities. There were no 
symptoms or signs discovered during life which could be referred to these 
structures. 


Discussion 

The structures described appear to represent an exaggeration of the normal 
vestigial Eustachian and Thebesian valves formed from the right venous valves. 
The attachments of the Eustachian valve are typical, extending along the 
inferior sinus septiun upwards in front of the orifice of the inferior vena cava 
towards the crista terminalis. It is suggested that this valve demonstrates the 
site of a right venous valve which has imdergone little retrogression, and that 
structures within this area, whatever their structure may be, represent remnants 
of the Eustachian valve and are not examples of Cliiari’s network. 

Eustaohi, in his Opuscula Anatomica (1563), gives an illustration of a heart 
with a Eustachian and a Thebesian valve. The Eustachian valve is partly 
membranous and partly fenestrated and is strikingly like the specimen described 
above. Von Rokitansky (1876, case 16) described a heart with anomalous 
membranes in the right atrium and fibres which Chiari (1897) later described 
in association with the Eustachian valve. This so-called “ Chiari network ” 
is made up of fibres in the right atrium extending from the Eustachian or 
Thebesian valves, or the region of the orifices of the inferior vena cava or 
coronary sinus, to the upper portions of the crista terminalis, inter-atrial wall 
or tricupsid valve. 

In a review of the literatiue on venous valves of the right atrium of the 
heart, Yater (1929) described 11 cases, in 4 of which there was a Chiari network. 
He stresses that a true Cliiari network is made up of fibres with anomalous 
insertions outside the possible limits of the right valve of the sinus venosus. 
Networlcs of the Eustachian or the Thebesian valves are not rmcommon, and 
may be represented by a few fibres only. However, these fibres should be 
called remnants of the venous valves if they are within the territory of sueh 
valves, and should only be called Chiari networks if their insertions are anomalous. 
It is necessary to assume that a Cliiari network is formed by the foetal valve 
having anomalous attachments, and that during retrogression of the valve 
these attaclunents are drawn out into fine threads. During foetal life the right 
valve of the sinus venosus is almost large enough to divide the right atrium 
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Photograpli of the right side of the heart showing the Eitstachian and Thebesian valves. 
Tlie Eustachian valve appears as a much fenestrated membrane m the upper 
left-hand quadrant ; the Thebesian valve lies immediately below and to the right. 
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into two clinmbcrs ; it is tlicrcforo possible tlint in .«onio ca=c=! tlio freo cflgo 
of the vnlvo may become nttnoheil to iinusunl j^arta of tbo atrial wall. 

It i"? agreed" that the Eu‘?tacbian and Tiiebc-sian vnl\'e<? are derived from 
tlie riebt valve of the aimis venosii*;. Tlio origin of CliiariV network was thought 
by Chiari him«elf to bo from the aeptum spnrium n<? well ns the right venous 
valve, vhilo , Iordan (192G) thoiight the loft vnlvo nbo played a part. Yntcr 
considered that tho right venous valve only was involved, Tlio conception of 
venous valves and Chiari’s network being tho same structure which has undergone 
changes duo to different attachments makes it necessary to believe that Cliian’s 
network is also dorivc<l from tlic right venous vnlvo. 

It was thought that during foital life the Eustachian valve served to iliroct 
the blood from tho inferior vena cava through tho foramen ovale into tho left 
auricle, and that with tho termination of the foetal circulation tho Eustacliinn 
\‘alvo regressed. Franklin (194S) considered that tho Eustachian valve persists 
only in hearts in which an element of tho blood flow from the superior vena 
cava is directed towards the orifice of tho inferior vena cava and ho has been 
able to correlate tho height of tho Eustachian valve with tho direction of this 
blood-flow. Tho Eustachian valve recorded above is larger than those described 
in Franklin’s work and is of interest in that the blood-flow from the superior 
vena cava appears to be partly directed towards the floor of tho Eustachian 
valve. It would seem that this has caused tho vnlvo to persist. 

Suvimary 

A heart with persistent venous valves is described. Tho origin and site 
of these valves and tho association of Cliiari’s network with the Eustachian 
^■alve are discussed. Tlie persistence of these valves is thought to be due to a 
%'ariation in the direction of blood-flow from the superior vena cava. 

illj' thanks are due to Professor G. R. Cameron, F.R.S., who performed the 
post-mortem, for much help and encouragement. 
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GLYCOGEN IN THE COLLECTING TUBULES OF 
NEW-BORN ANUMALS 

IsoBEt T. Hixde 

From the Department of Pathology, University of Cambridge 
(Plates ClH axd CYTI) 

glomerular basement membrane of the new-born rabbit 
igTsi In the^^renamt-*^ periodic acid-Schiff technique (McHanus’, 

T to numerous 

of the collecting tubules. granules of various sizes, filling the cells 
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The periodic acid-Schiff technique is a specific histochemical test for a 
large class of polysaccharides, the periodic acid converting the carbohydrate 
to an aldehyde wHoh subsequently re-colourises the Schiff reagent, as in the 
Feulgen reaction. The polysaccharide most likely to be responsible for the 
intense specific staining of these granules in the collecting tubules appeared 
to be glycogen, and proof that this was the case was obtained by a positive 
residt with Best’s carmine and a negative reaction with both methods after 
salivary digestion. 

Without exception in all the new-born rabbit kidneys examined — about 
30 — the coUecting tubular epithehum was so loaded with glycogen that, in 
periodic acid-Schiff preparations, the tubules could easily be traced from their 
mouth on the papillary surface to their peripheral termination beneath the 
capsule, the deposits stopping short at the junction of the collecting tubules 
with the as-yet undifferentiated yoimgest generation of renal vesicles (fig. 1). 

Since no previous reference to the presence of glycogen in this site could be 
found and in order to exclude its being a peculiarity of the new-born rabbit, 
the kidneys of the ageing rabbit and of tluee other species, guinea-pig, rat and 
man, both new-born and adult, were examined. 

Glycogen was found in the collecting tubular epithelium of all the new-born 
animals, though the amount varied with the species. In contrast, after the 
neonatal perjod, glycogen was either absent or, if present, only in very small 
amoimt — a mere fraction of that in the new-born animal. 

These histological findings were confirmed by a quantitative analysis of 
the glycogen in the kidney of the yoimg rabbit at various periods after birth 
Idndly carried out by Prof. McOance of the department of experimental 
medicine, Cambridge (table). 

Table 


Glycogen content of the kidney of the young rabbit at various 
periods after birth 




Kidney 

Liver 

Ko. 

Age in days 

VTeight (g.) 

Glycogen 
(per c«nt.> 

Weight (g.) 

Gl.vcogen 
(per cent.) 

1 

1 

0-15 

0-61 

1-44 

4-0 

2 

1 

0-18 

0-.54 

1-83 

4-4 

3 

1 

0-12 

0-66 


3-1 

4 

7 

0-60 

0-31 

2-99 

4-1 

5 

7 

0-63 

0-29 

4-67 

4-1 

6 

14 

1-29 

0-22 

6-6 

5-9 

7 

14 

1-12 

0-29 

6-3 

5-5 

8 

21 

2-1 

0-14. 

9-9 

8-7 


The epithelium of the renal pelvis and the ureter of all these animals also 
contained glycogen, but the amount was very variable and did not show any 
constant relation either to the age of the animal or to the quantity in the 
collecting tubule. In no instance wm glycogen ever demonstrated in any other 
portion of the nepliron than that derived from the metanephric duct. 

Of the foiu species examined, the collecting tubules of the new-born rabbit 
contained the most abimdant deposits of glycogen. After the third week, 
however, the picture was quite altered and only traces were left of this large 
store (compare figs. 2 and 4 with figs. 3 and 5). It was, moreover, less widely 
distributed throughout the tubule, being almost entirely confined to the mouth 
of the duct and to a length of tubule Ijdng at the jimction of the inner and 
outer medullary zones. 
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Fig. 2. — Kidney of new- 
born rabbit ; jimotion 
of middle and exter- 
nal mediillarj- zones. 
Cells of collecting 
tubules loaded with 
glycogen. Periodic 
acid-Schiff. x 7.o. 






Fig. 3. — Kidney of 

6-week.s-old rabbit : 
same region as fig. 2. 
Glycogen not present 
in collectmg tubules. 
Periodic acid-KScliiff. 
X 7.5. 
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Fio 5 — Kidnej of 6 
Meeks old rabbit- 
«ame region and magni- 
fieation as fig 4 Small 
deposit of gh cogen in 
collecting tubules at 
junction of middle and 
CNtemal medtillarj 
zones None Mas 
present el'e«liere in 
these tubules Periodic 
acid Schiff X 300. 






Fio. 6 — Kidney of 
ncM -born rabbit. 
Differentiated bar 
of c\-toplasm on 
luminal border of 
cells Iming collectmg 
tubules. Heiden- 
ham’s iron luema- 
toxjlm X 1600. 
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In tho new-born gxiinon-pic the plycopen content wim nwch more vnrinblc, 
nncl nlthouch iT\ ponio nhnopt o'- nbiinclont hp in the new-ljom rnbbit, in 
others it WOP conipfirnblo with thrit in the ndult rniiiiit ; \'hilo in the luhilt 
pninc.i-pic none wns over demon^tmtod. Pimilnrty in tlio rat, tile inodorato 
deposits in the now-bom animal tlimppcar in the adult. Ob^ervationp on 
human autoppy material were limited by the poor preservation of the collecting 
tubular epithelium ; but a considerable amount was found in one relntivolj' 
well-preserved kidney from a new-born infant, while the only plycogon domon- 
ptratod in an adult was a minute trace at the mouth of a collect inp duct in a 
kidney removed from a 35-ycar-oId man. 

From these results it may be concludcfl that in some .species at birth the 
collectinp tubular epithelium may contain significant and sometimes even 
abundant deposits of plycogon, wliich, in the older animal, disappear or are 
very greatly reduced. 

It is hoped to investigate the physiological role of these stores of glycogen 
— whether they arc mobile and responsive to extra-renal stimuli, thus resembling 
liver glycogen, or, like muscle glycogen, are concerned only with local function 
and uninfluenced by the general metabolic activity of the animal. Their relation, 
if any, to renal fimction is still only a matter of speculation. Tlio work of 
I'IcCance (194S) and others has shown, however, that the function of the new-born 
kidney differs from that of the ndult and that a relatively abrupt transition 
occurs soon after birth, and it is tempting to correlate those neonatal glycogen 
stores with the specialised metabolism of the same period. This indeed may 
explain the more variable picture presented by the new-born guinea-pig. Tliis 
animal is much more mature at birth than the rabbit (GO days gestation compared 
with 30), and it may be that the change over from the infantile tj-pe of renal 
metabolism is already taking place in those new-bom animals whose tubules 
show varjing degrees of glycogen depiction. 

Another obser^•at^on was made on the same material which, although not 
strictly relevant, is of interest as probably bearing on the functional activity 
of the ceils : it does not appear to have been described before. Tliis was the 
presence of a narrow bar of differentiated cj-toplosm along the convex free 
border of these same cells lining the collecting tubules (fig. 6). It was most 
conspicuous in the young rabbit, but could be recognised in the other species 
and in the adult. There was no apparent relation to the glycogen content of 
the cell, but alkaline phosphatase preparations suggested that in some cells 
it might be the site of enhanced enzyme activity. It is probably comparable 
to the striated border of the proximal convoluted tubules and the intestinal 
epithelium and may be concerned in maintaining the composition of the urine 
constant in its passage to the exterior. 


Summary 

1. Glycogen has been demonstrated in the collecting tubular epithelium of 
four species of n^-bom animals (rabbit, guinea-pig, rat and man), using the 
periodic acid-Schiff techmque. In the adult it is either absent from this site 
or present m only very small amounts. 

V along the luminal border of the cells 

hnmg the coUec mg tubules IS also described. It does not appear to have anr 
relation to the glycogen content of the cell. 


JIcCiiKCrE, R. A. 
McMaitcs, .J. F. a. 
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SOME TUMOURS FOUND IN WHALES 

R. E. REVvEiiL 
Zoological Society of London 
and 

R. A. Willis 
Royal Cancer Hospital 

(Plates CVIH aot) CIX) 

Through the courtesy of the “ Discovery ” Committee we have inspected 
the large collection of material from whales obtained by observers in the 
Antarctic oceans and preserved at the British Museum (Natural History), 
South Kensington. Of this collection, only a few specimens had been set aside 
as abnormal. Among these were a number of calcified parasitic cysts ftom 
various sites, including an adult female worm fuU of ova, which appeared to 
be the source of a large, branched and calcified tlrrombus in the inferior vena 
cava of a fin whale. There were also a number of firm smooth masses which 
had been found attached to the pleura of several different species. On section, 
these all proved to be of a chronic inflammatory nature and parasites may well 
have been responsible for their origin. Our main interest was in the following 
six tumours. 

Uterine fibromyoma ' 

From whale no. 144 ; species and date of collection not stated. The tumour, 
which was said to have been found near one cornu of the uterus, consisted of an 
ovoid, well-circumscribed mass 4 cm. in longest diameter, attached by a short 
pedicle to a piece of more spongy tissue. Microscopically, the mass heis the 
typical structure of a benign fibromyoma and resembles the tumours found 
in the hiunan subject. The attached tissue is normal endometrium. 

Papilloma of tongue 

This specimen came from an unnumbered blue whale collected in January 
1929. Macroscopically it consisted of a pedunculated mass about 8 cm. in 
diameter, with a coarsely papillary surface and some pigmentation in the deeper 
part of the thick epithelial zone. Microscopically, the tumour shows the typical 
structure of a benign squamous-celled papilloma (figs. 1 and 2), the only unusual 
feature being that the pigmented dendritic cells of the deeper layers of the 
epithelium are particularly prominent (fig. 3). 

Mucinous cystadenoma of ovary 

Tliis specimen was from a blue whale (no. 117) approximately eighty feet 
in length, caught in March 1948. It consisted of one-half of a multiloculate 
cystic tumom about 12 in. across. The superficial part of the mass consisted 
of a layer of fibrous ovarian tissue, the central part of a number of quite small 
cysts, devoid of htemorrhage, containing gelatinous fluid and radially arranged 
around a central yellow core. The tissue was not abundant between the cysts, 
which in many places were separated only by thin, translucent, fibrous walls. 
Sections from the periphery of the mass show normal ovarian tissue with 
typical ovarian stroma and some corpora albicantia, but no maturing follicles 
or corpora lutea, structures which are very large in whales. Sections of the 
cj’'Stic area show the tumour spaces to be lined partly by columnar mucus- 
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Fig. 3 — Dendritic pigment cclH in cpitlieluim of pnpillomn of toncne. x-470. 



Fig. 4 Mucinous cj stadenoma of o\ arj- Fig. 5 — Granulosa-cell tumour of ovary 

of blue whale x 70. of fin whale. X70. 






TUMOUBS or WHALES 


455 


sQcretinc opithclium, partly by irrcgiilnrly Btratinotl polygonal -ccHod cpitliclium, 
the fonnor sometimes lying superficial to tbo latter (fig. 4). Sections of tho 
yellorv central core show only degenerated tissue. 


Gramilosa-ccU tumours of ovary 

Three tumours were found which could bo classed ns of this type. 

The first was from a pregnant blue whale (no. W/2G12), approximately 
eighty feet long, killed near South Georgia in October 1929. A “ cyst ” had 
been foimd in one ovarj- and removed and fixed separately from tho rest of 
the organ. The obsen,-er had e^^dently not considered it to bo a corpus lutcum. 
The mass was roimd, 3 cm. across and had a fibrous capsule. On section a 
papUlarj- epithelial tumour is revealed which contains many small cystic spaces. 
Most of these appear empty, but a few contain eosinophilic colloid material. 
The main point of interest, however, is in tho lining of these cysts, which is 
composed of granulosa cells. In the larger cysts these are flattened out into a 
single layer, but in the smaller the 5 ' are several layers thick, while in a few 
places the contained space is very small. Tlie relative sizes of the granulosa-cell 
layer and cj-st ca^'ltJ' are never such as to produce tho “ rosette ” appearance 
so often seen in these tumours in smaller animals. Tlie granulosa cells are all 
rather degenerate. As is usual in granulosa-cell tumours, theca cells are also 
evident in the stroma under the lining of the cysts and in places form definite 
sprouts beneath it. 

The second example was from a female fin whale (no. 1745), caught in an 
unnamed locality in March 1928 ; length not stated. The specimen was 
described as a “ large follicle from ovary containing a solid body ” and consisted 
of part of the fibrous wall of a C 3 'st. Projecting from the surface was an irregular 
nodule 3-5 cm. across consisting of small cysts which contained mucoid material 
and a mass of calcified material or bone. On section (fig. 5) cj-sts and stroma 
have a similar structure to the previous tumour, but the granulosa cells are 
less degenerate, the thecal cells less active and there are areas of calcification. 

The third example was from a pregnant fin whale (no. 2615) caught off South 
Georgia in the whaling season of 1937-38. She was about sixty-fivm feet long. 
The specimen, described as a “ fibrous cyst,” consisted of two pieces of well- 
circumscribed tumour covered with peritoneum and containing many small 
cysts and much fibrous tissue. Its original size and shape were not noted. 
Microscopically the cysts are lined with granulosa cells, but these are much 
more irregular in their arrangement than in the preidous specimens. The 
interrening stroma consists of dense fibrous tissue. 


Disccssiok 

The two species of whale mentioned, the fin whale {BaI<snoptera physalus) 
and the blue whale (B. musculus), are the only ones now of commercial 
importance, as they are much the largest and give much the highest yield of 
edible oil. Sperm whales are also large, but as their oil does not mis with that 
of the blue or fin whale, they are seldom captured. During the 1947-48 whaling 
season, the average length of blue whales captured was 85 feet, while the fin 
w a es ranged between 68 and 90 feet. However, the blue whale can attain 
much as 100 feet, possibly more, and is certainly the largest 
known ever to have existed. The semi-aquatic giant reptiles, e.g. 
Ie2 ° attained this length and their relative bulk was also much 

comna ^ ®y^dsnt, therefore, that the tumours described were very small as 
the ton hulk of these gigantic creatures, especially the papilloma of 

animnlo^^' which is relatively larger m the whale than in most 
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There is no doubt as to the nature of the uterine fibromyoma, the papilloma 
of the tongue or the ovarian mucinous cystadenoma, but the granulosa-cell 
tumours call for comment. The ovaries of whales show no features notably 
different histologically from other mammals except the very large size of their 
corpora lutea. The three specimens examined could not be interpreted as due 
to simple follicular or luteal cystic change or to atresia, and their appearance 
so closely resembles that of other mammalian granulosa-cell tumours that we 
have no hesitation in calling them by this name. The fact that 3 out of 6 tumours 
collected haphazard were of this land suggests that they may be common in 
whales. On the other hand, the sample is a small one, as the “ Discovery 
observers see only a small proportion of the whales captured each season, and 
in any case are not primarily interested in pathological conditions. Naturahy 
we have no evidence about any possible endocrine disturbances in whales with 
these tumours. 


SUMMABY 

A papilloma of the tongue, a fibromyoma of the uterus, a mucinous cyst- 
adenoma of the ovary and three granrdosa-cell tumours of the ovary in either 
the blue whale or the fin whale are described. Their structure is similar to that 
of tumoms of these types observed in other mammals. We do not know of 
any previous reports of tumours in whales. 

We have to thank Dr N. A. Mackintosh and Dr H. Bargmaim for affording 
us access to the specimens in the care of the “ Discovery ” Conomittee, and 
Dr L. Harrison Matthews of the department of zoology, Bristol University, 
and Dr B. G. Harrison of the department of anatomy. Charing Cross Hospital 
Medical School, for information as to the normal structure of the whale’s ovary. 
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ANTIGENIC MODIFICATION OF HUMAN BED CELLS BY 

PEBIODATE 

F. S. Stewaet 

Department of Bacteriology, Trinity College, Dublin 

Treatment with periodate has been shown to be capable of destroying the 
iifiiuenza virus receptors of fowl and human red cells {Hirst, 1948 ; Hotchkiss, 
cited by Hirst ; Burnet, personal communication to Briody, 1948) and of 
rendering human red cells panagglutinable (Burnet — ^Briody, op. cit.). Pan- 
agglutinability and receptor destruction also occur in human cells treated with 
influenza virus or with V. choleroe filtrate (Burnet et al., 1946 ; Stone, 1947). 

The present communication reports some observations which demonstrate 
the acquisition by periodate-treated human red cells of a new antigenic specificity. 
This antigenic change appears to be distinct from that which occurs in cells 
treated with a Vibrio preparation. 

In the preparation of suspensions for hsemagglutination tests the following 
techniques are employed. Periodate treatment is carried out by aUowung 
equal volumes of a 60 per cent, washed group-0 red-cell suspension and M/100 
potassium periodate in saline to react for half-an-hour at room temperature, 
after which the cells are washed in saline. Treated cells undergo hsemolysis, 
but by carrying out the tests without delay the degree of hsemolysis is not 
sufficient to interfere with the interpretation of results. Though periodate 
treatment has a- tendency to produce some degree of cell instability, the 
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suspcu'^ions obtained nro ns a rule satisfactory for the pcrfonnnnco of ngcUHina- 
tion tests For Vibrio transformation, equal volumes of a oO per cent, coll 
suspension and the supernatant obtained by ccntrifucation or In' sedimentation 
in the refrigerator of a brotb culture of Vibrio sp. (N.C.T.C. 4711) are meuba ed 
at 37° C. for 1 or l->- hours, the cells being then washed in saline. Acglutination 
tests are carried out by mixing in tubes equal volumes of a 5 per cent, coll 
suspension and scrum or dilutions of serum. The tubes are allowed to stand 
at room temperature for hnlf-nn-bonr and the results are then read by examina- 
tion of the sediment with a hand lens. 

In the accompanj'ing table are shown the titres of the scrum of a rabbit 
before and after immunisation with periodate-treated colls, and of an immune 
rabbit serum prepared against t ibrio-treated cells. The specific immune 
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Titration of heemagghttins in rabbit sera for group-0 red cells 



Red cclU o-od 
for ab-orpUon 


Tc«t cells 

■■1 

Hiibbit sera 


rcriodatc- 

tre.ited 

VUirlo- 

treated 

R IIS before immunisation 

I7one 

<20 

<20 

40 

with periodate-treated 
cells 

Untreated cells 

<20 

<20 

<20 

R IIS after immunisation 

Nono 

<20 

3120 

40 

with periodate-treated 

Untreated colls 

<20 

5120 

20 

cells 

Vibrio -treated 
cells 

<20 

5120 

<20 

R S after immunisation 
with Vibrio-treated cells 

Untreated cells 
and periodate- 
treated cells 

<20 

<20 

320 


Titres are expressed as reciprocals of the final serum dilution 


agglutinins in the sera of these two rabbits were each capable of absorption 
by the homologous treated cells. The sera were titrated against normal cells 
and also against cells treated with periodate and with the Vibrio preparation. 
It will be seen that periodate treatment affects an antigenic modification 
of the cell capable of stimulating the production of a specific antibody in 
the rabbit. The titre of serum R 118 against Vibrio -treated cells after im- 
munisation does not represent a significant increase on the pre -immunisation 
level. Thus it would appear likely that periodate treatment effects not only a 
specific change in the cell but also that the changes occurring in periodate- 
treated and in I ibrio-treated cells have no common antigenic feature. A 
further point illustrated by these results is the failure of periodate-treated cells 
to produce significant antibody against normal cells. This latter finding would 
suggest a destructive action of periodate on the immunising property of the 
antigen responsible for inducing antibody production against normal cells. 

. ^ cross-absorption tests with normal — f.e. non-immune — human serum 

1 as also been found that the panagglutinin for periodate-treated cells is 

B met from the panagglutinin for Vibrio-treated cells ; neither agglutinin is 
^ 1 'T with normal cells. It is presumed that these agglutinins 

human serum are specific for the acquired antigenic character demon- 
strated by immune rabbit sera. 
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Summary 

Human group-0 red cells, when treated with potassium periodate, develop 
a new antigenic specificity which is distinct from that occurring in cells treated 
with a Vibrio preparation. Periodate-treated cells are susceptible to a pan- 
agglutinin present in human serum ; this panagglutinin is distinct from the 
panagglutinin in serum (? T agglutinin) for Vibrio -treated cells. 
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ANEURYSM OF THE DUCTUS ARTERIOSUS 

J. L. PiNNIGEB 

From the Department of Pathology, Auckland Hospital, New Zealand 

(Plate CX) 

Case kepobt 
Clinical history 

Tlie patient was an IS-days-old breast-fed female child, admitted to hospital 
because of an abscess in the skin of the right upper arm which had appeared 
six days previousl 5 % a more recent inflammatory swelling in the right leg and 
proptosis of the left eye of two days’ duration. The child was still below birth 
weight. On examination, the arm abscess, which had been incised, was healing. 
The right leg was diffusely swollen and reddened and it pitted on pressure. 
T. 98, P. 110, B. 80. The respirations were of a grunting character. Percussion 
note and air entry were diminished at the right base. There was marked proptosis 
of the left eye, the lids of which were reddened and swollen. Coagulase-positive 
hsemolytic Staphylococcus aureus was grown from the arm abscess. W.B.C. 
10,600 per o.mm. (neutrophils 88 per cent., mostly band forms and myelocytes ,- 
lymphocytes 12 per cent.). The chUd was given large doses of penicillin intra- 
muscularly, but the temperature, pulse and respiration rose precipitoiisly and 
death supervened 12 horns later. 


Autopsy 

The heart weighed 19 g. There was a small deficiency in the anterior portion 
of the membrane covering the foramen ovale, otherwise no abnormality could 
be detected. The ductus arteriosus was the seat of a fusiform aneurysm 
(figs. 1 and 2). The aortic opening, 0-5 cm. in diameter, was 2-6 cm. from the 
cusps of the aortic valve. It lay just distal to the point of origin of the left 
subclavian artery and just proximal to the apertures of the first intercostal 
arteries. The pulmonary opening, 0-2 cm, in diameter, was 1-5 cm. from the 
cusps of the pulmonary valve. It lay just inferior to the first part of the right 
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Flo. 1. — Aneurysm of <luctus urteri- 
osus : oblique view. A, aortn ; B, 
pulmonarj- arterj'. A window lias 
been cut into the aorta at the point 
of entry of the ductus. Veiy slightly 
enlarged. 


Fio. 2. — Anourysmof ductus arteriosus : lateral 
view. A, aorta ; B, pulmonarj- nrtciy. Veiy 
slightly cnlargcrl. 





!• 10 . 3. Photomicrograph of wall of aneuiysm. A, portion of inner necrotic zone ; 
’ portion of media showing extension of necrosis ; C, adventitia. x90. 
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branch of that nrtcrj-. Tlic ductu-; wiw 1-5 cm. in length mid its maximum 
diameter irns O-O cm. On section the wall was approximately 0-1 cm. thick 
and vrasi of a mottled brown colour. The lumen containo<l blood clot. 

Summartf of other findings. There wia an incited abscess in the .‘ikin of the 
right upper nnn. Bronchopneumonia and lung absccssca were present in both 
lungs and there wn-s extensive {ibrino-pumlcnt pleurisy. A amnll abscess was 
present in the anterior mediastinum, cultures from which yielded Staphyheocevs 
aureus. Tlio abdominal viscera showed no gross nbnonnalit 3 -. Pus was present 
in the retro-orbital tissues on the left side. The bone in the region of the optic 
foramen had undergone necrosis and pus had extended to tho extradural position 
internal to this. No thrombus was present in tho cavernous sinus. Tho 
meninges were congested but tho brain itself showc<l no abnormality. 

Histology 

Sections were stained with hajmatoxjdin and cosin and ha3mntox\-lin and 
Van Gieson, and with Gram's stain. Tho inner quarter of tho wall, which 
appeared to consist mainlj’ of media, ivas almost entireh’ necrotic. Tlio rest 
of the media was degenerate and contained irregular extensions of tho necrotic 
change from tho inner portion (fig. 3). There was no increase of fibrous tissue 
in this layer. At one point tho intimal endothelium sundved. No internal 
elastic lamina could be identified. Tlie thrombus present in the lumen appeared 
to be firml}' adherent to tho necrotic inner laj-er. There was round-cell infiltra- 
tion of the adventitia, the cells being for tho most part histiocj’tic, though a 
moderate number of lymphocj’tes wore also present. Occasional eosinophil cells 
were present. Tho cellular infiltration appeared most intense where the necrosis 
of the media was most advanced. Tlio vasa vasorum showed no obvious 
abnormalitj’. Gram-stained sections revealed no organisms. 


Discnssiox 

Aneurysm of the ductus arteriosus has been recorded but rarelj'. Kaufimann 
(1929) quotes Simmonds’s \'iew that some of the earlier cases were not true 
aneurysms of this vessel but aortic aneurysms in the region where the ductus 
enters the aorta. There is a diagram in Kaufmarm’s book of an aneiuysm of 
this vessel which occurred in an eleven-day -old girl who died of sepsis arising 
&om umbilical phlebitis. Apart from the extension of the contained thrombus 
into the lumen of the aorta which took place in his case, the similarity, both 
anatomically and climcally, to the present instance is remarkable. Taussig 
(1947) mentions four cases of aneurysm reported in the literature but does not 
include Kai^mann s case. According to her, the formation of a fusiform 
aneurysm wUl only occur when the obliteration of the ductus is complete at the 
pulmonary end, but incomplete at its point of entry into the aorta. In this 
case, the pulmonary end was greatly stenosed, though apparently not occluded, 
wMe the aortic apertoe was widely patent. Taussig states that the earlier 
obhteration of the pulmonary end is what nonnaUy happens in the closure of 
the ductus, -ae degeneration of the media was probably the cause of the 
di^nsion of the remainder of the vessel by the blood propeUed into it from the 

^ nf appeared to be secondary to the necrosis of 

the inner part of the wall. The canc^ - • f i -oi , 

(1947) has shown that it taki ’ Blumentha 

involution. He expresses the S 1 ducte undergomg nonnal 

about the twelfth day after birS^f degeneration of the w^l starts from 
usual sequence is a gradual lerdnpf. anoxia. If this is slight, the 

order, but if it is more severe nfero^? if ^ 

seconday’ to active contraction r is postulated as being 

birth. This contraction does f *^6 muscular waU which takes place at 

fact take place in the experimental animal. 
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and the increase in the oxygen content of the blood occurring with the onset 
of respiration has been shown to be the probable physiological factor initiating 
this contraction (Kennedy, 1942). If this view is accepted, the sequence of 
events in the present case would be an initial prolonged contraction of the 
vessel at birth, followed by the relaxation of all but the puhnonary end, in 
which fibrous replacement of muscle may have begun. The relaxed portion 
is damaged by the anoxia arising from the contraction, and distends under 
the blood pressure maintained through the aortic orifice. A thrombus sub- 
sequently forms, and it is probable that, had npt death supervened, the end 
result through organisation would have been much the same as if no aneurysm 
had formed. 

The coincidence that both this case and that of Kaufmann were subjects of 
neonatal sepsis raises the question of an infective factor. In the present case, 
no lesion was found in the wall of the ductus which could be attributed definitely 
to bacterial inflammation. The adventitia showed infiltration with histiocytes 
and lymphocytes, but it is reasonable to suppose that these cells were present 
as a reaction to the necrosis which had occurred in the vessel wall. 

SUMMAEV 

1. A case showing an aneurysm of the ductus arteriosus — a rare anomaly — 
is reported. 

2. The suggestion is made that the aneurysm formed in consequence of 
prolonged physiological contraction of the vessel wall at birth. With the 
occurrence of anoxic necrosis of the central portion and replacement fibrosis 
at the pulmonary end, blood propelled in from the aorta could bring about the 
dilatation observed. 

1 wish to acknowledge the help of Mr K. W. Litherland in preparing the 
photographs, and the technical assistance of Mr J. S. Cole. 
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6i6 . I2-I- . 6] — 007 . I 
an -unusual case oe uresaby tract and 

CARDLAC ABNORiLALITIES 

R. R. -Wilso:!? and W. J. SL\.theson 

From 'the Departmeni of Morbid Anatomy and the Pc^diatric Unit, 

St Mary's Hospital, London 

(PlATE CXI) 


The combination of congenital abnormalities of the nrinary tract found in 
the case here reported is not mentioned by any of the foUtnving authorities 
Beer andHyman (1930), CampbeU (1937), hlitchell (1945). The case has therefore 
been considered n'orthy of record. 


Case history 

E, H. u-as 5 weeks old when admitted to this hospital on 19.5.48. He had 
been breast-fed from birth but had never gained weight well. Twelve days 
earlier (7.5.48) he had been admitted to another hospital with a diagnosis of 
“ underfeeding.” He was discharged from there on 14.5.48. At this stage 
the mother’s milk failed entirely and the baby was given an artificial food in 
adequate amounts, but he did not take feeds well and lost weight. The mother 
is well known to the psychiatry depsirtmeut, who gave a bad report on her 
character and general conduct. 

The child was blue at birth and weighed 7 lb. 2 oz. On examination, 
temperature, pulse and respirations were normal. The weight was 6 lb. 1 oz. 
(expected weight 8 lb. 11 oz.). A marasmic dehydrated infant. Heart not 
enlarged ; systolic murmur, maximal in 4th left intercostal space. Lungs, 
abdomen and central nervous system normal. Right talipes equino-varus. 

Dehydration was rapidly corrected by subcutaneous saline and the weight 
rose to lb., but he still took feeds badly. Urine was passed in apparently 
normal amount. Three days after admission there was a bout, lasting half-an- 
hour, of twitching of the head and limbs, with cyanosis of the lips. Two days 
later there was another similar bout, shortly after which he died (24.5.48). 


Post-mortem findings 

The post-mortem was made 12 hours after death. 

External. A wasted male infant with sunken eyes and depressed fontaneUe ; 
right talipes equino-varus. 

Circulatory system. Right heart dilated. Myocardium pale. No valvular 
or septal defects. Ductus arteriosus arising from right pulmonary artery at a 
po'mt corresponding to the usual point of origin from the left pulmonary artery 
and attached to the areh of the aorta at the usual place. The ductus was not 
patent ; the tip of a probe would enter its aortic end, but the other end would 
not accept even that. There were no other abnormalities of the great vessels 
in this region. 

^ system. Lxmgs rather pale, with dark red or brown spots about 

~ ^ ^ ^i^meter scattered tbrougbout their substance. 

Mirncntary system. No abnormality found. 

ccmopoictic and endocrine systems. Bone marrow very pale. 

, sysitm. The left hidney (26 g.) showed considerable pehic hydro- 

p irosis with infection ; there were numerous small abscesses tliroughout the 
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cortex. There was also marked hydro-ureter (fig. 1). A prohe passed freely up 
the ureter as far as the pelvi-ureterio junction, but there was no stenosis here, 
for urine could be “ milked ” freely from the pelvis into the ureter, and 30 per 
cent, sodium iodide, injected by syringe and cannula, passed freely from ureter 
to pelvis (fig. 2). The uretero -vesical opening was normal. 

The right kidney (12-6 g.) was a mass of small cysts ; no kidney tissue could 
be seen. The cysts varied widely in size, the biggest being 1’5 cm. in diameter ; 
they were fiUed with clear straw-coloured fluid. There was no visible renal 
pelvis ; in its place was a thread-like structiue 2-0 cm. long, the lower end of 
which was continuous with the right m-eter (fig. 1). This meter was not 
distended ; its lumen stopped at the jimction with the thread-like structure, 
as far as could be determined by probe and by the injection of sodium iodide 
followed by radiography (flg. 2). The metero-vesical opening was normal. 

The bladder was contracted and apparently normal. No urethral valve was 
found. 

Nervous system. Nothing abnormal found. 

Osseous system. Only tluee centres of ossification in the body of the sternum. 

Urea estimations were performed as follows : — 

Cerebrospinal fluid .... 411 mg./lOO ml. 

Fluid from cysts of right kidney . . 405 mg./lOO ml. 

Urine from pelvis of left kidney . . 504 mg./lOO ml. 


Histology 

Left kidney. Apparently this was originally of normal structure, but now 
shows the usual changes of ascending pyelonephritis. 

Right kidney. Most of the cysts have a wall of fibrous tissue and a lining 
of flattened or cubical epithelium. Some cysts, both small and large, have in 
their walls a variable amount of smooth muscle, mainly arranged chcum- 
ferentiaUy. Embedded in the fibrous tissue between the cysts are a few islands 
of atypical tubules and glomeruli. 

Lungs. Small foci of collapse. 


Discussion 

Urinary tract abnormalities are not uncommon in children. Mitchell states 
that the recorded incidence varies between 5 and 12 per cent. ; while Bigler 
(1929) reports an incidence of 13 per cent., with other congenital abnormalities 
in about half the cases. The individual lesions in the present instance are not 
imcommon, though their combination in one case is apparently unique. 

The polycystic kidney. According to Sieber (1905) as cited by Campbell (1937), 
polycystic disease of the kidneys is imDateral in less than 10 per cent, of cases. 
In fact Sieber collected from the literature only cases over 20 years of age. 
There were 212 of these and only 9 were unilateral — 6 left, 3 right. Sieber 
says also that where the condition is bilateral it is usually more advanced on 
the left side than on the right. 

Campbell liimself, in 12,080 autopsies on children, found the condition to 
be one-sided in 20 out of 48 cases. Of these 48 cases 35 died before the age of 
6 months, but it is more usual for the disease to become manifest in middle life 
with the onset of renal failure. Campbell considered that the condition might 
have developed on the other side in his unilateral cases if they had lived longer. 
In 7 of his cases of polycystic disease there was also a congenital stricture of 
the ureter and in 4 there was idiopathic dOatation of the ureter, but these two 
ureteric abnormalities were never present in the same case. 

The genesis of polycystic disease is usually attributed to a failure of fusion 
between the down-growing metanephric uriniferous tubules and the upgrowing 
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tubules sprouting from the ureteric bud. Tims many “ undrained ” u^iferous 
tubules become distended by their own secretion ; but a mmonty of tubides 
develop normally and carry out their normal function. It seems likely that 
the muscle-walled cysts in the present case are really renal calyces distended 
by urine formed by “ drained ” nephrons and prevented from escaping by the 
atresia of the pelvis and upper part of the ureter. The significance of the urea 
concentration m the cyst fluid in this case is not clear, as at the time of sampling 
the existence of two types of cyst was not suspected. 

Congenital stricture of the ureter was observed by Campbell in 0-6 per cent, 
of autopsies in chUdren. In one-third of these the stricture was at the pelvi- 

ureteric junction. _ 

Idiopathic dilatation of the urinary tract is a term used to describe cases m 
which dilatation is present without obstruction. It is assumed to be due to 
neuro-muscular imbalance, like achalasia of the cardia. Campbell found the 
condition in 0-9 per cent, of autopsies ; in most cases both ureter and pehus 
are affected, and in half the cases the lesion is unilateral. 

Tlie non-patent ductus arteriosus here reported cannot be the result of 
anomalous development of the aortic arch system. Xo other conclusion can be 
drawn from the descriptions and diagrams in standard works. Had this ductus 
been derived from the right sixth aortic arch instead of the left, then either 
it would have emptied into the right subclavian artery or the right dorsal aorta 
would have persisted in whole or in part ; but no such thing was found. 
Similarly it seems impossible that the dorsal attachment of a ductus originally 
right-sided should migrate so that it emptied into a left-sided vessel. 

Congdon (1922), in a study of the aortic arch system, describes the develop- 
ment of the pulmonary trunk, primitive pulmonary arteries and ductus arteriosus. 
Between the 13-mm. and 24-ram. stages the origins of the primitive pulmonary 
arteries approach one another and also move dorsally, so that the pulmonary 
trunk increases in length and the ductus arteriosus decreases. In embryos of 
less than 40 mm. the origins of the pulmonary arteries are in contact. At this 
stage the ductus is a relatively wide vessel, from which the much narrower 
puhnonarj* arteries project like a V. Later stages are not described by Congdon, 
nor has any such description been found in a number of embryology books 
consulted. 

It is clear that in the processes described by Congdon there occur considerable 
remodelling of vessels and movement of the attachments of the pulmonary 
arteries through the substance of the pulmonary trunk. It seems reasonable 
to suppose that similar processes go on subsequently, which naight finally 
produce the state of affairs normally observed. But preliminary observations 
suggest that such processes are normally post-natal. It is hoped to make a 
further study of this question. 

It may also be noted that this ductus was more completely closed than is 
usual at this age. 

Eegardmg the period of intra-uterine life during which the renal lesions 
developed little can he said, save that it was probably after the 3rd month. 

Summary 

A case is reported in wluch the following developmental anomalies were 
found -.—right polycystic kidney, right uretero-pelvic atresia, left hydronephrosis 
and hydro-ureter without obstruction. This combination of urinary tract 
congenital lesions has not been previously described, though the indh-idual 
lesions are well recognised. 

® arteriosus springing from the right pulmonary 

he the,. J, u “®''cJopn>ent of this is not understood, hut it is considered not to 
n- iTTi-”^ ^ anomaly of the embryonic aortic arches, 
nigiit talipes equino-varus was also present. 

.> riTO. nirr-vor, UTt 2 h 
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We are indebted to Professor W. D. Newcomb and Dr Reginald Lightwood 
for encouragement and advice, to Dr D. H. Nelson for the radiograph, to 
Dr L. Crome for help with translation, to Miss B. M. Still for the chemical 
analyses and to Mr D. Moixitt for the sections. 
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OBITUARY NOTICES OF DECEASED jME^IBERS 

Hrcbibalb Sutberlanb Stcacbau 

Bom 23rd November 1891, Died 20tb February 1949 
(Plate CXII) 

Abchibald Sutherland Strachan, professor of pathology in the 
University of The Wifcwatersrand, died in the Johannesburg General 
Hospital on the 20th February, 1949, at the age of 59 y^rs. Bom in 
Glasgow on 23rd November 1891, he was the seventh child in a family 
of 9 sons and 1 daughter. He received his school education at Glasgow 
High School and entered the University of Glasgow, where he tooh 
the degrees of M.A. (Hons.) and B.Sc. in pure science. After this 
his interest changed to medicine, and a distinguished career as medical 
student was followed by graduation in 1918. After a short period of 
military service, until the end of the first world war, he retmned to 
Glasgow to join the staff of the department of pathology under 
Sir Robert ^luir. In 1919 he went to South Africa to the department 
of pathology and bacteriology of the University of Cape Town. 

Two years later, at the request of his old chief, he returned to 
Glasgow to become senior lecturer in pathology at the University. 
In 1924 South Africa called him back as a senior pathologist to the 
South African Institute for Medical Research and senior lecturer in 
pathology in the University of the Witwatersrand, where he was 
appointed professor of pathology in 1943. He was awarded the 
M.D. degree of the University of Glasgow in 1929 and in 1934 he took 
the M.R.C.P. London. ' 

Strachan's research work was concerned mainly with problems of 
silicosis, and in conjunction with F. W. Simpson and the workers of 
the liliners" Phthisis Medical Bureau, Johannesburg, he did much to 
elucidate the pathogenesis of this disease. It was, however, mainly 
in the realm of teaching and medical a dminis tration that he left his 
mark on South African medicine. As a teacher he had few equals. 
Every student became to him a friend whose problems he understood 
and in whose difficulties he was always prepared to offer valued advice. 
He^ occupied the unique position in South Africa of having been 
intimately concerned with the departments of pathology in eaeh of 
the three medical schools, almost since their inception. He had been 
external examiner at the University of Cape Town since 1924 and at 
le niversity of Pretoria since 1945 (the end of the first course in 
pa 10 ogical anatomy). He had also been associated as external 
examiner m pathology with the veterinary laboratory at Onderstepoort. 

J TATB EICI— VOL Ln 
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SO that there are few if any students who qualified in medicine or in 
veterinary science in South Africa in recent years who had not passed 
through his hands. Almost every doctor in South Africa regarded 
him as a personal friend. In recognition of his services, both as 
examiner and in many other ways, the University of Pretoria granted 
him the honorary degree of M.D. in 1948. 

Among the official positions he had held were those of Member 
of the Federal Council of the South African Medical Association, 
Dean of the Faculty of Medicine of the University of the Witwatersrand, 
President of the Southern Transvaal Branch of the South African 
Medical Association, Vice-President of the National Cancer Association 
of South Africa, and Member of the South African Medical Council 
since 1943, becoming its Vice-President in 1949. His clear-thinking 
brain, so adept at clarifying a confused situation or at keeping a 
meeting in order, will be greatly missed by aU these bodies. 

Eighteen months before his death, he was informed that he had 
multiple myeloma in a very advanced stage. None knew better than 
he the implications of the diagnosis. In spite of this, however, and 
in spite also of continual pain, he performed his duties, academic and 
extra-academic, to the fuU, sparing neither his mind nor his body. 
Throughout the inexorable progress of the disease and even after 
suffering a coUapse of the 4th cervical vertebra in January of this 
year, he retained bis unbelievable courage, patience and cheerfulness, 
remaining an inspiring example to all who came in contact with him. 

The real love his own students had for him was revealed in a 
particularly touching manner when, during the last stages of his illness, 
they took it in turns to be on duty outside his room day and night 
in case there might be something they could do to be of service to 
him. By his death South African medicine has lost a unique figure, 
the doyen of its pathological anatomists, the sage adviser on its 
councils, and the beloved friend of the whole profession. He is survived 
by his wife, a daughter and an adopted son. 

Basil J. P. Beokek 

Jaaies Baenetson 


jfranft IKHnUam Simson 

Born 1st August 1883. Died 17th Decemher 1948 
(Plate CXIII) 

To those who knew him personaDy the passing of F. W. Simson on 
17th December was a tragic blow only slightly softened by the fact 
that it was not unexpected. But though his death is acutely felt 
by a comparatively small circle within the profession (for he never 
set out to be a public figure), it is a loss to every practitioner of medicine 
in South Africa. He was one of the old school of histopathologists 
who, by a combination of thorough training, keen powers of observa- 
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tion, a contemplative turn of mind and a rare gift of meticulous care 
in all he did, gained for himself a well-eamed reputation as the most 
able histopathologist in Southern Africa. 

An Australian of Scots parentage, Dr Simson qualified in medicine 
at Edinburgh in 1918 at a comparatively late age, after an adventurous 
career as a young man, farming in Australia and trading in the South 
Sea Islands. 


EoUowing graduation he -went to Sheffield where, after a term as 
resident medical officer at the Sheffield Royal Hospital, he joined the 
staff of Sheffield University. A fundamental thinker and gifted with 
fine technical ability, he would have been outstanding as a surgeon 
but, influenced by the advice of Sir Arthur Hall, his interests were 


turned to pathologj’' and to that specialty he remained faithful for 
the rest of his life. After eight years in association with such men 
as Sholto Douglas and Edward MeUanby, he had attained the status 
of senior lecturer in the department of pathology. He was elected 
a member of the Pathological Society in 1922. 

But routine teaching held no appeal for him and in 1926 he came 
to South Africa to join the staff of the South African Institute for 
Medical Research. Within this organisation he remained as its senior 
pathologist for the nest 20 years. There, in addition to his routine 
work as head of the pathological department, he carried out several 
lines of research the chief of which were concerned with the setiology 
and pathogenesis of the pneumoconioses. 


In collaboration with the late Drs Irvine and Strachan a com- 
prehensive picture, radiological, clinical, histological and post-mortem, 
of silicosis and tuberculo -silicosis as seen on the Rand was gradually 
built up. These three men, each an outstanding personality in his 
own sphere, ffid more than any others to place on a firm basis our 
knowledge of sihcosis as it occurs under the particular conditions 
pertammg to the gold mines of the Witwatersrand. By his enthusiastic 
and abounc^g energy Irvine built up the hliners Phthisis Bureau 
and made the mode of selection and the care of miners on the Rand 
second to none ^ addition he graduaUy pieced together the clinical 

and radiological picture of sihcosk ‘R’l-r,™ 

material Strachan cIucidateTX' nSS • T ““ 

j. j , “'-'“tea the pathological appearances of the 

fcease and coteelated them irith the radiologioal aid clinical Bnd.w 

At f™™. -hith Strachan’s assistance, carried ont 

the expenmcntal and hrstological irork irhich identiScd the dangeroL 

i^d?, ificTdat r-h^~r 

man Working as a i ^ found in 

astonishing amount of iafSnatior1!h“t‘’ m “““esed an 

Institute monographs and in rarionsmefflcalTo^aS^ “ 

and lungs of asbestos workers which ^ investigations on the sputum 
rAT„. I 1 .ICX-VOI.. ^ him to work out the 
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pathogenesis of this condition. His conclusions, at which he had 
arrived independently, were anticipated by the publication of Cooke’s 
and McDonald’s observations in 1927, and so he published (jointly 
with Strachan) only a part of the results obtained, (This Journal, 
1931, xxxiv, 1.) 

It is said that genius lies in an infinite capacity for taking pains 
and if this be true Simson possessed a large share of genius. To see 
him plan an experiment and then, week by week, month by month, 
follow it through, checking (and usually performing) every step of 
the work himself was to see a research worker at his best. In this 
type of work he excelled, and practically aU our knowledge of the 
pathogenesis and histogenesis of silicosis in South Africa is due to his 
patient and meticulous work. 

Later in life he brought the same thoroughness to the study of 
various fungal diseases and he did much to elucidate their place in the 
occupational diseases of South Africa. He was the first to recognise 
and record a case of histoplasmosis in Africa and to his careful 
investigation is due our knowledge of the various types of chromo- 
blastomycosis found in the Union. A unique opportunity of furthering 
his interest in fungal diseases occurred when an outbreak of over 
2000 cases of sporotrichosis in mine workers enabled him to study the 
histopathology of this disease in man and to work out the life cycle 
of the fungus both in vivo and in vitro in the laboratory. Unaware 
at the time of Gougerot’s almost forgotten work on that particular 
aspect of sporotrichosis, Simson rediscovered the asteroid form of the 
fungus in the tissues of man and animals. As a result of his work 
he was able to present a complete histopathological picture of the 
condition, and, in his valuable contribution to the Transvaal Chamber 
of Mines publication, to survey every aspect of the outbreak. A feature 
of this publication, as of all Simson’s published work, is the finely 
detailed photomicrography. Nothing but the best would ever satisfy 
him and many a technical assistant’s heart was nearly broken by his 
demand for yet more clarity and precision in photomicrograjDhs. In 
the end, however, the results always justified his insistence, and 
another article was brilliantly enhanced by its illustrations. It was 
by means of accurate photomicrography that Simson built up his 
ingenious model of a bronchus and its related structures which 
demonstrated beyond all doubt the precise site of the silicotic nodule 
in the lung architecture. The method he used was described in this 
Journal in 1935. It is a tribute to the thoroughness of his research 
work that none of his results has ever been challenged. 

Simson never enjoyed teaching to large classes and was thoroughly 
upset by the prospect of reading a paper to an audience, but in the 
seclusion of the laboratory he excelled in imparting his loiowledge to 
one or two of his juniors at a time. Many a histopathologist will 
forever remember the teachings of this truly fine man and will be 
wrateful to him. 

O 
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As in bis professional, so in Ms private life, Simson never sought 
the public stage of medical politics or social events, but in his circle 
of intimates he radiated a quiet sense of friendliness and of humour 
vrMch made him beloved by all "who knew Mm. A scratch golfer, a 
capable fisherman, a crack shot, an adept at billiards and bridge and 
a fine figure skater, he exMbited in sport the thoroughness that rvas 
the keynote of every aspect of Ms life. Kothing angered Mm more 
than to see slipshod work and none who was willing to give less than 
liis best lasted long as Ms colleague or assistant. 

During the last two years of Ms life he joined Drs Johnstone and 
Dew in Durban, and during tMs time he built up the pathological 
department at Addington Hospital. To those who knew the serious 
nature of the iUness wMch first became apparent ten years before Ms 
death, his quiet courage never ceased to be a source of amazement 
and of inspiration. 

Though Simson may not have appeared in the public eye as a 
prominent academic figure, he will live in the memory of those who 
had the privilege of knowing Mm intimately as a great teacher, an 
inspiring personality, an exemplar of thoroughness in all things and 
a dearly beloved friend. 

Jas. F. Mtjeeay 
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■GiUiinam Susman 

Bom ISth August 1895, Died 23rd December 1948 
(Plate CXIV) 

William Sesmai?’ was a Canadian of Latvian-Jewish descent. He 
was bom in Montreal and educated at Queen’s University, Kingston, 
Ontario, where he obtained the degrees of B.A., M.D. and C.M. ; he 
vas also a Member of the College of Physicians and Surgeons of 
interest in pathology declared itself early and he was 
a student-demonstrator under James Miller in 1922-23. In 1923 
qua^fied in medicine and "was avrarded a Hoffmann fellovrship for 
Pathology. ^ With this he went to Edinburgh, where he 
0 J ears , during the first he studied under Lorrain Smith, 
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during the second he was one of Smith’s assistants and also assistant 
pathologist to the Royal Infirmary and pathologist to the Royal 
Mental Hospital, Momingside. In 1925 he came to Manchester as 
assistant lecturer in bacteriology in the Department of Pathology 
under Shaw Dunn and began a lifelong association with the Royal 
Infirmary. In 1926 he undertook the diagnostic histology for the 
Royal Eye Hospital and continued to do it for the rest of his life. 
He was for many j^ears the senior lecturer in the Department of 
Pathology, first under Shaw Dunn, then under Baker. At the time 
of his death he held the posts of lecturer in morbid anatomy and 
histology in the University of Manchester, senior pathologist to the 
Manchester Royal Infirmarj'-, honorary pathologist to the Royal Eye 
Hospital and honorary pathologist to the Manchester Jewish Hospital. 

Susman was a keen research worker and the author of 26 papers, 
the last being published posthumously. They cover a wide range of 
topics but his dominant interest lay in endocrinology. He had a 
sound knowledge of the morbid anatomy and histology of the ductless 
glands but his speculative mind tended to carry him into fields in 
which morbid anatomy alone is inadequate and where the problems 
encountered can only eventually be cleared up by the combined work 
of organic chemists and experimental endocrinologists. He was an 
experimentalist by instinct but much of his experimental work is 
inconclusive and his best papers are those in which he confines himself 
mainly to the factual morbid anatomy and histology of the human 
subject. 

In 1930 he wrote one of the early papers on atrophy of the adrenals 
as a cause of Addison’s disease. At that time this lesion was accepted 
as the cause of about 15 per cent, of cases of the disease. Susman 
emphasised that it was a much more frequent cause, particularly in 
this country. This was subsequently corroborated by other workers 
and in 1936 he was able to collect 28 examples in 65 cases of Addison’s 
disease reported since 1930. The cause of the atrophy remained (and 
remains) obscirre. 

He was particularly interested in the pituitary and spent much 
time on the elusive problem of how to interpret its cytological changes 
in terms of functional activity. His best work in this field was in 1935 
on the incidence of microscopic adenomas of the anterior lobe. He 
found basophil adenomas in 3 per cent, of routine autopsies and 
threw doubt on the significance of these tumours as the cause of 
Cushing’s syndrome. Subsequent work in various parts of the world 
has supported his conclusions on this subject. 

His early work on the islets of Langerhans led Tn'm fii 1942 to a 
very careful measurement of the amount of islet tissue in various 
diseases and to a demonstration that there was a true reduction in 
patients with diabetes meUitus. His work on polypi coli confirmed 
Stewart’s findings that this condition is present in about 5 per cent, 
of autopsies ; another example of a “ rarity ” which turns out to be 



J. PATH. BACT.— VoL. LXT 


Plate CXIV 






OBITUABY 


473 


common if looked for carefully. He had over 20 j^ears’ experience of 
ej'e pathology, and the paper he wrote in 1938 on intra-ocular 
tumours forms the basis for a classification which has found a place 
in the standard English text-hook on the pathology of the eye. 

Susman performed or supervised over 10,000 autopsies and collected 
over 50,000 slides. The great experience represented by these figures 
was invaluable to his colleagues and to many others who sought his 
advice. He was a most helpful consultant, always courteous and 
patient and at pains to explain fuUy the grounds for his opinions ; for 
tliis reason junior colleagues approached liirn with ease and confidence. 
He was no less helpful to senior colleagues, who valued in particular 
his special knowledge of the pathology of the nervous system, the 
endocrine organs and the eye. His services as a consultant were 
greatly appreciated and his influence on the work of others has been 
considerable. 

Teaching was one of Susman’s main interests and he showed a 
devotion to it that carried him beyond liis formal obligations. His 
teaching was orthodox and he had no taste for discussing controversial 
matters. He never lost sight of the fundamentals of any topic, even 
of those on which he was an expert ; in this he showed a deep insight 
into the needs and capacities of the average medical student. He 
was adept at extempore teaching in the post-mortem room and a 
clear and forceful lecturer. In his practical classes he was strongl 3 ' 
opposed to methods reminiscent of the school class-room and believed 


in allowing students the greatest possible freedom. He made it clear 
that the Department’s function consisted in providing opportunities 
and that the students themselves were responsible for their training. 
His policjT as a teacher of practical pathology was vindicated by the 
examination results and won the support of those who assisted him. 
He was a fair and considerate examiner, always eager to reward 
special merit or glad to discover extenuating circumstances. 

In recent years administrative work, both within and without the 
University , had claimed much of his time. He was an active member 
of the Board of the Faculty of Medicine and of its various committees. 


A member of the British Medical Association since 1924, he served 
on tluee of its committees ; the Hon-Professorial Group Committee 
(1937-1946), the Special Practices Committee (1938-1939) and the 
Special Committee on Patents (1944-1945). He was one of the 
founders of the Non-Professorial Group and the first chairman of its 
committee, holdmg this office for about ten years. 

Svisi-^n was a rigorous and usually a genial personalitv. though 
the shortcommgs of others sometimes moved him to explosions of 

r ^ ^ ^ master of terse and picturesque language. 

A fondness for gadgets and labour-saving devices exposed Mm to 
constant twittmg, which he bore -miv. i xi. ^ , 

tliat his critics were behind t f ' ^onvmced 

his profession but did not take hir tr importance of 

take himself too seriouslj’ and his bearing 
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could hardly be described as academic. Manchester had seen him 
in his doctor’s robes, but these soon made their way back to Canada. 
He joined our Society in 1926 and was a Fellow of the Royal Society 
of Medicine and a member of the Manchester Medical and Pathological 
Societies, but he dislik ed meetings and reading was his chosen method 
of keeping up to date. 

Susman liked precision and tidiness and was impatient of the 
doubts and hesitations that punctuate the lives of most pathologists ; 
he loved a definite diagnosis, and after reading some of the autopsy 
reports of his more diffident colleagues, declared that most of their 
patients ought to be up and about. His writing was careful and 
he had a strong preference for his own forms of expression, even 
when his friends thought they could be improved on. He was a 
most acceptable colleague, punctilious in the performance of his 
routine duties and considerate of his associates ; his last message, 
sent on the day of his death, clearly showed his concern both for his 
colleagues and for his work. 

Susman saw military service in both wars. When war broke out 
in 1914 he was a student in arts and a member of his University 
O.T.C. He tried to enlist in the Canadian Engineers, who considered 
him too young, but was accepted as a private in the Canadian Army 
Medical Corps. In 1915 he served in England and Egypt ; in 1916 
he was in France, where he was commissioned in the Sth and 2nd 
Duke of Wellington’s West Riding Regiment. Soon afterwards he 
transferred to the Royal Fljdng Corps as an observer, who in those 
days was also navigator, bomb-aimer and rear-gunner. In May 1918 
during an air duel he received wounds in both feet that ended his 
active service and troubled him on and off for the rest of his life. He 
was demobilised in 1919. In the last war he was a Medical Officer in the 
Home Guard with the rank of Major and was also an Air Raid Warden. 

Susman found delight in a variety of hobbies, especially 
photography and pliilately. He read widely among the books of 
the day but his chief reading was in anthropology. He was a Hebrew 
scholar and collected a fine library of Hebrew literature, which 
interested him chiefly from the anthropological standpoint. 

Susman’s fatal illness lasted less than a day and although there 
was no autopsy, its nature was obvious. A cerebral hemorrhage 
starting during the night presently deprived him of speech, but for a 
time he was stfll able to write. The notes he made show that he 
knew the nature and outcome of his iUness and that he bore it with 
courage. He is survived by his wife, whom he married in 1923, and 
a son, who is a medical student in the University of Manchester. 

We are indebted to the Manchester University Medical School Gazette for 
the portrait of Dr Susman. 

S. L. Baker 
H. L. Sheehak 
Raymond Whitehead 
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MilUam a«6tin IRobb 

1893-1948 

Every one of Robb’s friends and colleagues would be grateful for 
an opportunity of paying tribute to him as a colleague who did so 
much more for them than most men, both professionally and socially. 

Born at Burnt Een, near Ely, in 1893, William Austin Robb came 
of Suffolk yeoman stock and inherited from them a passion for animals 
and for the country that never left him and which led him in middle 
life to give up assured prospects as a consulting physician in London 
to make his home and career in the surroundmgs in which he belonged, 
the countryside of Devon. 

Robb commenced his professional life as a pharmacist, taking his 
major pharmaceutical diploma at the age of 21. Enlisting as a 
volunteer in the R.A.M.G. in 1914, his efficiency became a byword, 
the Pharmaceutical Journal of 26th July 1919 containing the following 
passage “ I would like to compliment the man in charge of the 
dispensary of the 31st F.A. Had you seen his pharmacy under 
indescribable conditions you would have wondered how he did it.” 
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This aptitude fot orderliness never left Hni and vas still obrnous in 
his latex reports, vrMcb never required the tidying-up of loose ends. 
He expected tbe same high standard from his technicians, so that 
his laboratory became a first-class training ground for these men, 
many of whom now occupy high, positions in laboratories elsewhere. 
Severely wounded and captured in 1916, he recovered sufficientty to 
care for British and German injured in hospital, without discrimina- 
tion. His subsequent attitude to life was considerably coloured by 
these grim experiences. He was a man of deep religious feeling but 
devoid of any aggressive element. He had a keen sense of humour 
and an innate kindliness combined with sound common sense which 
enabled him to exude confidence and did much to contribute to his 
success as a consultant. 

Robb’s army experience altered his professional outlook and on 
demobilisation he entered St Bartholomew’s Hospital as a medical 
student, qualifying in 1924 and obtaining the London M.D. and 
M.R.C.P. in 1926. He was elected R.R.C.P. in 1945. After qualifica- 
tion he served as house physician and chief assistant to the late 
Sir Walter Langdon-Brown, and appeared to be set on the path of 
consulting medicine when he surprised all his colleagues by accepting 
the post of pathologist to the South Devon and Exeter Hospital in 
1931. Though not the founder of the pathological department at 
the hospital, Robb was its first real specialist head. The small 
building that had been erected for his predecessor {“ Solly’s Temple ”) 
soon proved to be quite inadequate for an energetic young man. and 
within a few years of his arrival, in 1935, large extensions were added. 
These in turn soon became inadequate and in 1947 further additions 
were made, this time including premises for an assistant pathologist, 
whose appointment was long overdue. 

Robb was probably best known in pathological circles as one of 

the band of pioneers of clinical pathology — ^with the accent on clinical 

— ^for which his earlier work as a physician had so admirably fitted 

him. The making of clinical pathology into a consultant service of 

real value to the doctors (and patients) of Devonshire was done by 

ceaseless and countless journeys into tbe countryside for which he 

was responsible. Indeed he went even further afield, for he held 

appointments not only at Exeter, but also in parts of Somerset and 

Dorset, with a radius of some 60 miles around bis home town. For 

this reason Robb wrote but little : there was no time for academic 

Judies, but it must be regretted that his wealth of practical experience 

has gone unrecorded. On the other band, a long list of local learned 

and^ scientific societies benefited greatly from bis experience gained 

dunng Ws long tramps over the countoyside. His interest in local 

a airs -Ras further shown by his membership of tbe post-graduate 

ul of tbe Dniversity of the South-West, in whose actimties 

lie took a keen interest. 

Robbs capabiUties are further indicated by the many official 
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appointments he held. In his early days he was a teacher of 
pharmacology at Barts., and later he became a member of the revision 
committee of the B.P. Codex, an appointment he held nntU his 
untimely death. He was for some time a member of council of the 
Association of Clinical Pathologists and during the visit of the British 
Medical Association to Plymouth in 1938 he was a vice-president of 
the section of pathology. His was a familiar face at the meetings 
of the Association of Clinical Pathologists and of the Pathological 
Society, of which he had been a member since 1935. In both these 
bodies he wiU be sadly missed for his boundless energy and friendlj^ 
humour. He was pathologist to the Exeter and Devon Constabulary 
and took a keen interest in forensic medicine, on which he became 
the recognised authority in this part of the county. He maintained 
a close association with the Exeter city health authorities and gave 
them every possible assistance in the development of their schemes. 

During the second world war Robb was an exceptionally busy 
man and his laboratory was, of course, greatly understaffed. Indeed 
it is a source of wonder how he maintained the efficiency of his service 
over so large an area. But maintain it he undoubtedly did, and his 
premature death may not be wholly unconnected with the worries 
of those times. In addition to his ordinary work he imdertook duties 
at all the E.M.S. hospitals in his district, as weU as the organisation 
of the blood transfusion service — a formidable imdertaking. When 
the pre-clinioal departments of the Royal Free Hospital Medical 
School were evacuated to the Washington Singer laboratories in 
Exeter his was the welcoming hand that met them and the many 
friends he made during this time became welcome guests in his home, 
like his own old fellow-students. He died on 12th July 1948. 

Robb was exceptionally happy in his home life and every caller 
was made welcome. He is survived by his wife, and by a son and 
daughter at school. p. D. M. Hockikg 


^botaftat Bbasbara iTDcnon 

Bom 4th May 1898. Died 12th Septeinher 1948 
(Plate CXV) 

The untimely and sudden death of T. Bhaskara Menon just after his 
arrival in London has robbed India of a brilliant pathologist and 
medical educationalist. He had been deputed by the Government of 
India to make a first-hand study of the progress made in medical 
science in recent years in the United Kingdom and the United States 
of America. 

T. B. Menon was the son of a gifted surgeon and chief medical 
officer of the Cochin State, who, even in those very early days, went 
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to England for higher medical studies. Jlenon himself, after his 
collegiate training in Emakulam College, joined the Bladras Medical 
College in 1916. Qualifying in 1921, he worked for some time in the 
Cochin Medical Service, which, however, did not appeal to him. 
He went to England for post-graduate studies and took his M.R-.C.P. 
in 1926. In London he worked as a research student in pathology- 
under Professor Boycott at University College Hospital and Medical 
School and later -under Professor Lorrain Smith in Edinbmgh. On 
his retmm to India in 1927 he joined the Madras Medical Service and 
worked as assistant professor of pathology in the Madras Medical 
CoUege for a period of 4 years. In 1928 he took the M.D. degree of 
Madras University in pathology, including bacteriology. 

Ha-vdng felt the need for a good test-book on tropical pathology 
for students, he published in 1931 An inirodtiction to tropical 'pathology . 
In 1932, he acted as professor of pathology in the Andhra Medical 
College, Vizagapatam, for six months and was then re-posted to 
Sladras as a lecturer in pathology and bacteriology in Stanley Medical 
School. Menon’s early incursions into the field of research can be 
passed over briefly. They concern mainly some of the pathological 
aspects of chronic appendicitis and chronic cohtis and he -wrote several 
papers on these and other subjects. During 1933 he imdertook a 


study of granuloma inguinale, its bacteriology and experimental 
transmission, his final results being published in 1935 in the Trans- 
actions of the Royal Society of Tropical Medicine and Hygiene. He 
described the morphology of the Donovan body found in these lesions, 
compared them -with the organism recovered on cultivation and showed 
that they were morphologically similar. He also produced lesions 
in the experimental animal by^ injection of the cultivated organism. 

During this period he also studied the much neglected problem 
of filariasis and was honoured by an invitation from the Madras 
University to dehver the JIaharaja of Travancore Curzon Lectures 
on “ Problems in filariasis ” in 1934-35. The filarial problem is one 
of extreme importance in the tropics, and particularly so in South 
India. Later, during 1930-41, he carried out a long series of investiga- 
tions on filariasis, supported by a grant from the Indian Research 
Fund Association, on the beha-viour of the infective larvm of Wtichereria 
bancrofii, -vrith special reference to their mode of escape and penetration 
of the skin, the preservation of the microfilariEe in vivo, and the 
mechanism of exsheathing. In 1934 he worked on lizard filariasis. 


In 1936 he went again to Edinburgh and worked on splenomegaly 
under Professor Murray Drennan. In 1937 he was awarded the 
degree of D.Sc. by Edinburgh University, gaining the Straits Settle- 
ments gold medal for the excellence of his thesis in the following 
year. From Edinburgh he went on a study tour to Vienna and Berlin, 
spending several months in various pathological institutes in these 
countrms. Menon became a member of the Pathological Society of 
Great Bntam and Ireland in 1938. 
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On his return from Europe in 1938 he was posted as professor of 
pathology at Andhra Medical College, Vizagapatam. It was after 
his return that he directed the research on filariasis already mentioned, 
work which received due recognition. He was elected to the fellowship 
of the Royal College of Physicians of London in 1940, an honour 
which gave liim the greatest satisfaction and increased his sphere of 
activity and influence. In 1945, the Government of Madras, in 
consideration of his merits, appointed him the first Indian permanent 
principal of the Andhra Medical College. He disliked administrative 
work, but he had to accept it, and consequently his scientific work, 
Avhich he loved so much, suffered. However, from 1946 he had been 
directing research on the subject of cirrhosis in animals and its bearing 
on the aetiology of infantile bUiary cirrhosis. This enquiry is not yet 
completed, but the work done so far is in course of publication. 

The Army Command of India requisitioned his services as professor 
of pathology for the newly created Army Medical College at Poona 
and consultant pathologist for the Army with the rank of colonel. 
He accepted the job and was to have joined in November on his 
return from abroad. He had also made arrangements to take his 
trained staff to Poona to continue the work on cirrhosis, but, alas ! 
fate^ snatched him away at a time when his country needed him most. 
India has lost an experienced research worker who would have played 
a prominent part in the reorganisation of medical research in his 
own country and it will be very difiicult to fill the void. 

In his comparatively short life, Menon had contributed extensively 
to the literature of pathology, embodying therein origmal observations 
on many subjects. He was a delightful professor, treating his assistants 
and students as his equals and laying before them without stint the 
ric es of his mind. And indeed he had a well-tramed and disciphned 
mind, and his freshness of outlook and his enthusiasm were both 
exhfiarating and infectious. By his talks at the tea-table about 
institutions and personalities in Vienna, Edinburgh, London and 
elsewhere he used to enthuse his juniors and so help to foster a 
scientific atmosphere. His lectures were truly a model of teaching 
unambiguous, with the right emphasis on essentials, 
death at the early age of 50 came as a great shock to 
all h^^ friends, colleagues and students and it has deprived India of 
a brdhant pathologist, research worker and educationist. He leaves 
an only son and an aged mother, to whom we extend our deepest 
sympathy. 


I. Bhooshana Bao 
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Observations on the pathology of hydrocephalus 

By Dobothy S. Russkix. Medical Research Council Special Report Series 
no. 266. 1949. London : H.M. Stationery OiEfice. Pp. vi and 138 ; 

90 text figs. 6s. 

Since the experimental work of Weed and of Dandy the causation of 
hydrocephalus has been too often interpreted in too facile a fashion. The 
cerebro -spinal fluid is formed by the choroid plexuses, traverses the 
ventricular system and is eventually mainly absorbed into the venous 
sinuses by way of the arachnoid granulations. With such a clear-cut 
physiological process it is obvious that hydrocephalus usually results 
from obstruction to these pathways. Yet apart from oases of hydrocephalus 
produced by tumours in the central nervous system, the morbid anatomy of 
this disease process has not always been clearly demonstrated, “ It is not 
necessary to study the different works on hydrocephalus very exhaustively 
to find that actually observed lesions are much rarer than theories explanatory 
of the causes of hydrocephalus.” This defect Professor Dorothy Russell’s 
monograph goes far to remedy. 

The classification of causation imder maldevelopment, inflammation 
and neoplasm follows the usual course, but, tmlike most pathologists. 
Professor Russell has succeeded in avoiding the term idiopathic. Careful 
anatomical and histological investigation has succeeded in demonstrating 
obstruction in all cases. She has, more clearly than has been done hitherto, 
demonstrated and discussed the various stenoses of the aqueduct — ^those 
due to maldevelopment and those due to acquired gliosis. Of particular 
interest is the discussion on “ forking ” of the aqueduct and the demon- 
stration of its congenital natiue. The Arnold-Chiari malformation of the 
hind brain is clearly defined and the conclusion reached that traction of 
the spinal cord has no part in its formation. The fact that decreasing 
grades of this deformity accompany the less severe manifestations of spina 
bifida does, however, suggest some relationship between these two lesions. 

In these days of chemotherapy and antibiotics this monograph should 
serve a useful purpose. The necessity for early and optimal treatment of 
inflammation if meningeal adhesions and obstruction are not to complicate 
the eradication of mfection is stressed. There is a critical discussion of the 
so-called “ otitic hydrocephalus,” but the pathology of this condition is 
stfil undemonstrated. 

The great merits of this monograph are that it assembles in compact 
form all that is really known about the subject, analyses critically a large 
series of cases which have been well studied both clinically and pathologically, 
and finally brings home to the pathologist that the conclusion that any 
case is idiopathic is an admission of imperfect study or technique. Professor 
Russell is to be congratulated upon the production of such a sound piece 
of critical work. 

J. PATH. BACT. — ^VOL. IXI 
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Morgagni’s syndrome: Hyperostosis Jrontalis interna, Virilismus, 
Obesitas 

By Boike Hexsches. 1949. Edinburgh : Oliver and Boyd. Pp. xii 
and 172 ; frontispiece, 99 figs, on 13 plates and 13 text figs. 30s. 

Morgagni, in 1761, described the gross appearances of hyperostosis 
frontalis interna in the skull of a 7S-year-old woman “ \TriIi aspectu et 
valde obesa.” It was tliis which led Professor Henschen in 1936 to name 
the syndrome after him and he has brought forward strong evidence for 
virilism and obesity being the most constant associates of hyperostosis 
firontalis interna. The full triad was present in 47-4 per cent, of 266 cases 
presenting hyperostosis at autopsy, and either obesity or %-irilism existed 
in a further 40-6 per cent. “ Morgagni’s sjmdrome,” says Henschen “ is 
on the whole only slightly pathological and, in fact, need not be accompanied 
by any fl-nipfll symptom at all.” He does not consider it justifiable to 
separate off a special Stewart-Morel syndrome of hyperostosis irontalis 
interna, adiposity and cerebral disturbances, since the latter may well 
be the result of the fortuitous occurrence of senile cerebral and vasctdar 
degenerations. 

The endocrine backgroimd of Morgagni’s s 3 mdrome is still imperfectly 
imderstood. It is discussed in connection with the skull changes known 
to occur in pregnancy, in acromegaly and in Cushing’s syndrome. Histo- 
logical abnormalities in the pituitary, principally a decrease in the 
chromophobe cells, have been observed, but such qualitative surveys are 
not dependable. No gross cortical hyperplasia or adenoma of the adrenal 
glands was seen in any case with “ virilisme pilaire.” Hj*perostosis firontalis 
interna is about 100 times more common in females than in males. Much 
of the latter part of the book is occupied by a discussion of points such 
as these. 

The earlier chapters are devoted to a scholarly and comprehensive 
refierr of the relevant literatuze over the past 200 years, and to ladividwa} 
case records selected from the author’s own material. There is also a fuUy 
illustrated section on the naked-eye, microscopical and radiological features 
of the cranial hj-perostoses. 

It is not possible to do more than indicate the scope of the book. Many 
other circumstances surrounding the occmrence of hyperostosis frontalis 
interna are discussed. 'Tlie book is not easy to read ; there is too much 
academic detachment in its writing, so that its main argument and con- 
clusions tend to be hedged around with limitations conscientiously observed. 
Certain passages would carry more comdction if formal statistical analj-ses 
of the data had been presented, together with the tables and charts. 
Professor Henschen is scrupulous in not giving the impression that his is 
the last word on the subject. It is, however, the latest word, and this book 
will provide a completely satisfactory point de dipart for any future studies. 
As such, it must find a place in all medical libraries. It is essential to 
those interested in the subject. Those not so interested may profitably 
consult it. Then let them return to the post-mortem room and see if they 
can, with Professor Henschen, identify at least some degree of hj*perostosis 
frontalis interna in 40 per cent, of the calvaria they remove from post- 
menopausal women. 

Ilio production of the book is, of course, excellent, its format beine 
Closely modelled on this Journal, 
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Racial variations in immunity to syphilis 

By Chester North Frazier and Li Htjng-Chiung. 1949. Chicago; 
University of Chicago Press ; London ; Cambridge University Press. 
Pp. xi and 122 ; 13 text figs. 14s. 

In this very interesting study a large series of cases of syphilis occurring 
in the Chinese in Peiping is compared vrith a similar series compiled in an 
American hospital and including both whites and negroes. The figures 
are sufficiently large for the observations to be significant. The authors 
point out that the disease is essentially the same in all races. Differences 
between races lie almost entirely in the relative frequency with which the 
various phenomena of the disease develop. 

Among other remarkable observations are the fact that general paralysis 
was SIX times more frequent in the white males than in Chinese males, 
that the very high incidence of early syphilitic meningitis in the Chinese 
could be attributed almost entirely to inadequate early treatment, and 
that, generally speaking, the disease was milder in the Chinese than in 
other races. In this connection the authors are inclined to stress the 
well-lmown androgyny of the Chinese race as a contributory factor. It 
has been known for a long time that syphilis runs a much more benign 
course in the female, and in the Chinese there are noted certain qualities 
of bodily form and mental aptitude which would appear to indicate a 
strong feminine component in the bi-sexual amalgam of the race. 

This study is of great importance in destroying many popular mis- 
conceptions with regard to the incidence and behaviour of syphilis in the 
Chinese and emphasises once again the value of Osier’s introduction of the 
card index system into medicine. 

Hematology 

By Cyrus C. Sturgis. 1948. Oxford : Blackwell Scientific Publications 
Ltd. Pp. xii and 915 ; 9 colour plates and 79 text figs. 63s. 

The chief virtues of this excellent book are that it is well written, 
informative, enjoyable to read despite its large size, and different from 
almost every other hsematological textbook in its approach to the subject. 
Dr Sturgis is Professor of Medicine in the University of Michigan and 
writes as a physician and not as a laboratory man. He therefore never 
overlooks the fact that blood diseases began by patients having them 
and that they did not originate in the fertile minds of microscopists. This 
is not to say that he ignores or belittles the contributions of pathologists 
and techmcians ; indeed every important advance in the scientific study 
of blood disorders is acknowledged, described, thoughtfully assessed and 
fitted into the full picture. But technical procedures are scarcely mentioned 
and none is described in detail, nor is there any pother about the classification 
and inter-relationship of the various types of blood cells. In the chapter 
on blood transfusion, for example, no more than an outline description 
is given of the blood groups and this takes second place to indications for 
transfusion. The sections on each of the main blood diseases appear under 
the conventional sub -headings of definition, history, ajtiology, symptoms 
and signs, pathology, laboratory findings, course and prognosis and 
treatment, with such variations as are appropriate to the particular topic. 
These sections are knit together by excellently conducted discussions on 
the broad physiological or pathological aspects of groups of disorders, 
e.g. iron-deficiency anremias or hsemorrhagic states. 

The prodigious toil of writing over 800 pages of text and consulting 
some 1800 references must have been mitigated for Dr Sturgis by his 
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evident enthusiasm for his subject and the satisfaction of knowing tlwt 
he was really writing a book and not merely compiling a catalogue. He 
has handled his vast material in masterly fashion. He has selected his 
references both widely and wisely and, in passing, it may be said that he 
has done ample justice to the work of British htematologists of modem 
as well as ancient days. In his preface he writes “ . . . a true and profoimd 
insight into any complex subject can only be based upon a historical 
study dealing with the evolution of each forward step.” Accordingly he 
has taken great pains in preparing long historical essaj's to introduce 
almost every chapter. These are written with clarity and judgment from 
a foiuit of scholarship, and many readers will, with the re\-iewer, be deeply 
grateful to Dr Stnrgis for his efforts in this direction. Five pages are 
devoted to the history of the use of iron in chlorosis and fifteen pages cover 
the storj' of pernicious anjemia from Addison to folic acid (Bj, came too 
late for inclusion, since the references onlj* reach the year 1946). 

The re\'iewer first put this book to the test as a bench-side companion, 
but found two failings in it as such. One, the paucity of technical detail, 
has already been mentioned. The other was that whenever he opened 
it he became so absorbed that current work was too long interrupted. 
Only reflective armchair reading was able to do the book justice. This 
is a book for the post-graduate and particularly for the specialist, whether 
in the laboratorj* or in the ward, and for the teacher. Thej’, as connoisseurs, 
will appreciate it fully and, overlooking its occasional lapses, will be able 
to add to it their own knowledge of the most recent advances. 

The text figures are mostly charts and diagrams with a few photo- 
micrographs. The coloured plates are of representative blood films and 
are, alas ! executed in the usual poster-artist style. One feels that they 
hardly belong to this book and that they were commissioned by the 
publishers to decorate what at first glance looks like too much solid text. 
Enough has been said to indicate the scope of the book and the very 
favourable impression it has made. One severe criticism must now be 
entered, but only one. There are far too many typographical and spelling 
errors — primative, IjTnptatic, polycytic kidney, Vaughn, proteif and, pace 
the Declaration of Independence, capsul repeatedly for capsule. Even 
Thomas Addison is twice in the text credited with having written about 
the “ Suprarenal Capsuls,” although the missing “ e ” s are restored in 
the bibliography, Deferences are given in footnotes, which perhaps spoil 
the look of the pages but prove to be a great convenience to the reader. 
The}’ are also collected together at the end of the volume where they are 
arranged under authors alphabetically. 


Diagnosis o£ viral and rickettsial infections 

Edited by Fraxx L. Hobstam,, Jr. 1949. Isew Tork ; Colmnbia 
University Press : London ; Geoffrey Cumberlege. Pp. x and 153 ; 
7 text figs, and 4 figs, on 2 plates. 21s.* 

This small volume is the first symposium of the recently organised 
Section of ilicrobiology of the ]Mew York Academy of Medicine. It covers 
much the same ground ns “ Diagnostic procedures for ^’i^us and rickettsial 
< iseaces publislied by the American Public Health Association (see this 
otiniai, 1948, lx, 524) but without details of laboratory techniques. In 
i%o of the thirteen chapters — those on influenza, the psittacosis-lympho- 
granuloma group, herpes simplex infections, rabies and rickettsial infections 
—the authors contributed to the same subjects in “ Diagnostic procedures ” 
ani there is a good deal of overlap in the two books. It is true that the 
prc-ent volume is directeil to the practising phj-sician but much of the 
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discussion and interpretation of laboratory results would seem to require 
greater familiarity with laboratory techniques than the average doctor 
possesses. There are short but good chapters on infectious mononucleosis 
and infectious hepatitis, subjects wliich were not dealt with in the earlier 
work ; but it seems odd to find a chapter devoted to dengue when no 
space has been found for smallpox. 

The significance of some of the tables giving results of laboratory findings 
was probably more readily understood when the material was presented 
in lectures than in the printed form, where a fuller explanation would 
have been desirable ; and whUe abbreviations such as E.M.H. and P.V.M. 
may be intelligible to virus workers, it is doubtful if they convey an5dhing 
to the average clinician. In one respect the book should be valuable both 
to the clinician and to the laboratory worker ; throughout, the value of 
the evidence obtained by laboratory tests is critically assessed and the 
time-consuming and laborious nature of the investigations frequently 
necessary has been emphasised. The principles of the laboratory methods 
for diagnosis are briefly stated by the editor in the introductory chapter, 
and valuable advice is given, in the chapter on typhus by Smadel, on the 
general procedure to be followed in the investigation of virus diseases ; 
if these were appreciated by clinicians, the work of the virus diagnostic 
laboratory would be greatly facilitated and the results of greater assistance 
to the practising physician. 


Bacterial and virus diseases 

By H. J. Pabish. 1948. Edinbiugh : E. & S. Livingstone. Pp. 168 >' 
27 figs. (14 in colour) on 13 plates and 5 text figs. 7s. 6d. 

The reviewer cannot do better than quote, as the purpose of this book, 
the opening sentence of the preface ; “ This little book has been written 
to present in convenient form the essential principles of immimology and 
their practical application in human medicine.” 

This objective is reached without waste of words and without the 
omission of any point of importance. A lucid and critical account is given 
of the place of vaccines and sera in medicine without overstatement of 
any therapeutic claim. Precise regimes are laid down and authoritative 
instructions given on details of procedure and on the management of 
complications such as serum sickness. Diagnostic reagents are discussed 
with equal precision and include two colour plates of the variants of the 
Schick reaction. Advances in chemotherapy have lessened the interest 
in immunology and most of its unsound practices have fortunately died 
out, such as the therapeutic use of vaccines. The Pasteur treatment of 
rabies perhaps stands between this use and the true and undisputed 
prophylactic use. The absence of any reference to the present scepticism 
as to the value of this treatment of rabies is a slight defect in the book. 

This small volume is sound, complete, readable and convenient in form 
and is to he warmly recommended to both senior student and practitioner. 


The filterable viruses. (Supplement no. 2 of Bergey’s Manual of Determinative 
bacteriology, edition vi, 1948, with revised and enlarged index) 

By Feancis O. Holjies. 1948. London; Bailiiere, Tindall & Cox. 
Pp. xxiii and 160. 20s. 

This is a magnmcent edifice; we have, however, an uneasy feeling 
that it has been built too soon and that its foundations are unsound. Or 
are there any foundations ? Dr Holmes has attempted a tremendous 
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task— notWng less than the classification and nomenclature of the bacterial, 
plant and animal viruses, and it is rcith the plant ^^^uses that ^e are chiefly 
concerned in this review. At first sight the s>-stem has the look of a serious 
scientific classification, but what is it based on ? Smely mainly on that 
most elusive characteristic, disease symptoms, and this leads to a number 
of anomalies. 

The first and most obvious criticism is of the family ^Marmoraces, 
the mosaic viruses ; this contains sis genera of which the largest is the 
genus Marmor; it occupies 39 pages and contains 67 -v.-iruses. In this 
genus are placed viruses, separated it is true into groups, which have no 
apparent relationsliips at all. For example, what are the reasons for 
grouping dahlia mosaic virus with the tobacco necrosis rnruses ? The 
first is an aphis-home mosaic virus, not mechamcaUy transmissible, while 
the second are crystallisable soil-borne mruses lacking insect vectors and 
easily transmitted by sap. The tobacco necrosis viruses do not even 
produce a mosaic mottle. On the other hand, potato viruses A and Y, 
though serologicallj’^ related, are placed in different groups of the genus 
Marmor. In the family Annulacese are grouped the ringspot viruses in a 
single gene Annulus, of which one characteristic is that the vectors are 
unknown. Yet a virus, recently described, which affects Tropceolitm, 
tobacco, and other plants, is a typical ringspot virus with an aphid vector. 
Should this be included in the Annulacese, among the ringspot \-icuses 
without vectors, or in the Maimoraceae among the aphis-transmitted 
mosaic viruses, since on some plants it produces a typical mosaic and on 
others a typical ringspot pattern ? 

These examples are quoted merely to illustrate the pitfalls of a system 
of classification based on symptomatology. Dr Holmes has shown immense 
care and patience in accumulating a vast amoimt of useful data and great 
ingenuity in coining the names of viruses, but it seems to the reviewer that 
the time is not yet ripe for designing a permanent system of classification 
of viruses. This must surely wait upon the elucidation of the fimdamental 
physical and chemical properties of the viruses themselves, aided by 
knowledge of relationships based on serological and cross -immunity studies. 

These remarks apply with even greater force to the viruses affecting 
insects, about which practically nothing is known and which are only 
now being intensively investigated in Canada, California and Cambridge. 
Preliminary investigations suggest that the number of viruses affecting 
insects is much greater than was originally supposed and at Cambridge 
alone some G or 7 apparently new viruses have been discovered. We do 
not yet know whether these viruses are all distmct or nearly related, and 
it seems premature to say the least to attempt to name and classify viruses 
about which we know so little. 

Diseases o£ the Chest 

Rotjeut Coope. 2nd ed., 1948. Edinburgh : E. & S. Livingstone Ltd. 
Pp. XV and 541 ; 42 figs. (S in colour) on 21 plates and 126 text figs. 25s. 

The second edition of this book differs little from tbe first, though it 
IS 1C pages longer. The increase is mainly taken up by a fuller description 
with more diagrams of the segmental distribution of individual bronchi 
sociological appearances of their various diseases. The treatment 
of the pneumonias is brought up to date. Though a few minor criticisms 
arc made, they are not intended to obscure the fact that this is 
one of the^ best and clearest books ever written for medical students 
an practitioners ; authors of more ponderous works must enw Dr Robert 
oope s case and clarity of style and of expression. 
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Brock’s nomenclature of the broncho -pulmonary segments might have 
been preferred with advantage : streptomycin is not mentioned : in the 
treatment of rib fractures the use of local anaesthetics is omitted. Decortica- 
tion and the important principles which underlie its use in hsemothoras 
and empy»ma should be more fully described. The recognition of malignant 
cells in the sputum is of little help in the early diagnosis of bronclual 
carcmoma and requires a degree of pathological specialisation and experience 
only too rarely available. Not enough emphasis is laid on the fact that 
history, radiologj' and thoracotomy together form the only sure method 
of diagnosing early bronchial carcinoma, or that the operability of a case 
can only be decided after the chest has been opened. The important 
differential diagnosis between “ idiopathic ” pleural effusion and the 
stenle non-purulent effusions which so commonly follow pneumonia treated 
by sulphonamides should be discussed in greater detail. A short description 
of the value and technique of larjmgeal swabs would have been helpful. 
These, however, are minor criticisms which will perhaps be of lielp in the 
preparation of future editions of this excellent book. 


Post-mortem appearances 

By Joan M. Boss. 5th ed., 1948. London, New York, Toronto : Oxford 
University Press (Geoffrey Cumberlege). Pp, ix and 308. Ss. 6d. 

The fifth edition of this useful handbook appeared in 1948 nine years 
after the first appearance of the previous edition. As Dr Ross states in 
her preface its use has spread among a far wider range of workers than 
those for whom it was originally intended, namely students in the post- 
mortem room and in the museum. Revision has been effected to meet the 
needs of this new public, with the addition only of some 30 new pages. 
Short introductory paragraphs have been written for many of the sections 
and recent new knowledge about erytliroblastosis fcetalis has been added. 
The appendices which summarise the anatomical normals of the adult 
and all those irritating details about fcetal length, weight and dates of 
ossification of principal bones are still there. It is no wonder that the 
volume was a passport to Dr Ross during the period of her war service. 
It must surely have been the standby of many a pathologist working in 
•.so:aied imits in time of war. We anticipate future editions and an ever- 
widening public. 


The examination o£ waters and water supplies 

The 6th ed. of Thresh, Beale and Suclding, revised by E. W. Tavlok. 
1949. London: J. & A. Chm-chill Ltd. Pp. xii and 819; 1 plate and 
55 text figs. 70s. 

The sixth edition of this well-known manual marks a turning-point in 
its authorship. During more than forty years — ^the first edition was 
published in 1904 — ^Dr Tliresh and his collaborators have developed the 
work to its present position, one of general recognition as a standard treatise 
on water and water supplies, providing information required by sanitary 
engineers, public health officers, analysts, bacteriologists and others whose 
responsibilities or interests are concerned with any aspect of the subject. 
Now the authorship passes to Dr E. W. Taylor and, although the general 
plan of the book is maintained, there has been a considerable amount of 
beneficial revision. Obviously the whole book has been thoroughly 
scrutinised in the process, resulting in an improved balance of presentation. 
There is evidence, "too. of an informed individual critical judgment and 
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assessment which is welcome. The nnmber of references has been sub- 
stantially increased. Tlie figures have been rearranged and some new ones 
added. This edition should enhance the book’s reputation and augurs 
well for its future. 


Textbook ol bacteriology 

By C. H. Browntkg and T. J. ILtcKiE. Eleventh edition of Muir 
and Ritchie’s “ Manual ”, 1949. London, Xew York, Toronto: O.Kford 
University Press (GeoSrey Cumberlege). Pp. x and 907 ; 22G text figs. SOs. 


Ten editions of Muir and Ritchie’s handbook appeared between 1897 
and 1937 and to many generations of medical students this solid compilation 
was wtually indispensable. Since 1937 there have been great advances 
in bacteriolog 3 ’ and the eleventh edition has needed extensive re-writing. 
The opportunity has also been taken to have it re-set in a larger format 
so that the bulkj' handbook is now an elegant text -book. As in previous 
editions the pathogenic fungi and protozoa are described as well as the 
bacteria and viruses which cause disease in man. Antibiotics, the electron 
microscope and the newer knowledge of chemotherapy are among the 
many advances which receive due attention. The authors have wisely 
retained the section on laboratory methods but this now appears in an 
appendix. In the text the familiar bacterial nomenclature of previous 
editions is still used but in the chapter headings the generic and specific 
names adopted in Bergey’s JIanual are also given. A useful bibliography 
at the end of the hook lists original references for each subject and introduces 
the reader to reviews which merit further study. 

The task of sifting the mass of current bacteriological literature and 
maintaining a judicious balance between old and new is not easy but the 
authors have done this in a manner which reflects their great knowledge 
and experience. Many of the chapters on individual bacteria are excellent 
hut sometimes, as in the description of the staphylococci, the treatment 
is a little diffuse and the reader has difficulty in getting the subject in 
sharp focus. The section on viruses gives essential information succinctly 
but compression sometimes creates impressions which are not intended. 
Thus the text might lead the reader to believe that the elementary bodies 
of herpes zoster can be cultured on the chorio-allantois of the developing 
chick, whereas this has only been achieved on pieces of human skin which 
ha^e been grafted on egg membranes. As is almost inevitable in such a 
hook there ate occasional statements which are not in line with modem 
1 iews. ^ Paul s rabbit test, for example, is recommended for the diagnosis 
o 1 ariola, although this method has been abandoned by most workers. 
The retention of the chapter on pathogenic fimgi bj* Dr Cranston Low 
and tile s^tion on pathogenic protozoa will be welcomed by those who 
need a brief, reliable and easily accessible source of information on the 
mam features of these organisms. MTiile it cannot be said that the book 
IS cns\ to read, few British text-books cover so wide a field so well. On 
^ comprehensive for the needs of the 

modical student. This edition will maintain and indeed enhance the 
^■)u lUion so long held by “ Muir and Ritchie ” as an authoritative account 
01 modem knowledge about micro-organisms. 



PROCEEDINGS OF THE PATHOLOGICAL SOCIETY 
OF GREAT BRITAIN AND IRELAND 

8th and 8th July 1949 

The seventy-eighth meeting of the Society was held in the University of Oxford 
on Friday and Saturday, Stli and 9th Julj’’ 1949 

Communications and demonstrations 

The communications marked with an asterisk are abstracted below 

B. E. HiEABn. Irreducible folds in the internal elastic lamina of renal arteries. 
A. R. CxxRBiE. The healing of squamous epitheliomata. 

A. C. Lendbum. Further observations on pulmonary hoemosiderosis. 

*M. Stbaub and A. Schabehg. Changes in the liver in extremely cachectic 
Indonesians. 

J. M. Naetalin and J. W. Howie. Liver changes in so-called iron-deficiency 
anjemia of pigs. 

*E. Lettebbr. Some new aspects of experimental amyloidosis. 

R. D. Stttabt and I. MacIntyee. Canine leptospirosis. 

G. L. Montgomery and 1. MacIntyre. Renal lesions in L. canicola infection 

in dogs. 

B. F. Ogilvie. Further observations on the effect of anterior pituitary extract 

in alloxan diabetes. 

B. Lennox and J. S. Pbiohabd. The association of bronchial carcinoma and 
peripheral neuritis. 

J. C. White. Proteins and nucleic acids in the marrow cells. 

D. M. Pbyob. a post-mortem technique for slicing the brain in situ. 

F. A. Dbnz. Midzonal liver necrosis in beryllium poisoning. 

H. A. Sissons. Bone changes in experimental beryllium poisoning. 

L. Dmoohowski. Some data on the distribution of the milk factor. 

L. Dmoohowski and J . W . Orb. Absence of the milk factor in chemically 
induced mammary tumours of mice. 

B. D. Passey, L. Dmoohowski, W. T. Astbory and R. Reed. Preliminary 
electron microscope investigations of some human material. 

0. H. Stuabt-BLabbis. Death from influenza a statistical and laboratory 

investigation. 

J. V. Dacie, E. Dbesnbb, D, L. Moelin and J, C. White. Treatment of 
leukfflmia with aminopterin. 

IsoBEL Hinde. Glycogen in collecting tubules of young animals. 

B. I. K. Elliott and A. H. T. Robb-Smith. Hormonal induction of fibromata 
in scorbutic guinea-pigs. 

S. D. Elek and E. Levy. Differentiation of staphylococcal haimolysins by a 
plate technique. 

1. Lominski. Protection of rabbits against Staphylococcus infection by the 

coagulase-inliibiting factor of serum. 

P. Hartley. Further observations on the properties of different tjqies of 
diphtheria antitoxin. 
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A. H. Emslie-Ssiith- The influence of inoculation on naturally occurring 
agglutinins in rabbit sera. 

A. G.^ HEPPnESTOX. Quantitative airborne tuberculosis in the rabbit : the 
course of primary infection -a'ith human bacilli. 

E. TCn-ov and G. T. Cook. Fermentative variation in Shigella and coliform 
groups. 

A. iSlACDOKAKD and A. "W. Dowkie. Inliibition of complement-fixation teclmique 
in the study of the pox group of viruses. 

C. L. Oakkey, G. Habbiet W.yrback and Ibexe Batty. Local production of 
antitoxin. 

C. L. Oakley and A. J. Ftjlthobpe. Infinite flocculating sj'stems as indicators 
in toxin-antitoxin reactions. 

C. Ricketts, J. R. Squibes and E. Topeey. Skin lipids with special reference 
to their bactericidal action. 

R. A. Shooteb. The response of staphylococcal skin infections to penicillin. 

A. H. E. :Maeshall and R. G. White. Tissue reactions to antigens. 

I. MacIxtyre, G. L. Moxtgomeby and R. D. Stuabt. L. canicola infection 

in dogs. 

T. F. Heweb and H. Heileb. Letterer-Siwe disease with diabetes insipidus. 

G. T. Cook and R. KIkox. Fermentative variants of Shigella. 

G. T. Cook and E. H. Cethbebt. Pigment variation in a group B Streptococcus. 
O. C. Lloyd. The relationship between Lindau’s hEemangioblastoma and the 
angioblastic meningioma. 

L. L. R. White. A mab'gnant tumour of the thymus with myasthenia gravis. 

J. C. ValextEvE. A cylindromatous type of adenoma of the trachea and 

bronchus. 

Heyxixgex. (1) “ Monod ” culture tubes for measuring growth 
rates of bacteria. (2) A rapid laboratory evaporator. 

T. T. Tai and W. E. vax Heyxixgex. A modified roll-tube method for 
determining \-iable counts of bacteria. 

K. I. JOHXSTOXE. (1) A device for the preparation of glass micro-needles, 

using a standard microscope. (2) The cultivation of clostridia from single 
vegetative cells or from spores. 

A. G. Saxdebs and H. W . Flobey. Some modified types of SEmdison-Clark 
chambere adapted for the study of the effects of bacteria and antibiotics 
m the tissues of the living animal. 

G. Habbiet M .a^.ack and C. L. Oakley. Tests for byalurorudases and 

antihyaluronidases. 

H. S. Btotox, G. IsEWTOX and E. P. Abbahaai. Purification of antibiotics. 

. ethods of cliromatographj', and the 54-tube counter-current distribution 
apparatus on view. 

R. M. II. JoBD.vx. Some aspects of metabolism and growth of Pasteurella 
scptiM. 

A. II. Hoiaies and G. P. Gladstoxe. Tlie uses of cellophane sacs in bacterial 
cultures. 

T. F. Hewer. Six cases of adamantinoma of the jaw. 

R. A. Sladdex. Gummatous myocarditis. 

J- E. Frexch. Xeurofibromatosls of the appendix. 
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Abstracts 

. 6i6 . 36 : 616— 054(5)— 056 . 55 

HEPATIC CHANGES EST EXTREMELY CACHECTIC 
INDONESIANS 

M, Straxib and A. Sohabeeg 
Rotterdam 

Shortly after the capitulation of the Japanese in Java we had the opportunity 
of making a number of post-mortems on extremely cachectic Indonesians. 
Acute tuberculosis and amoebic and bacillary dysentery were frequently 
enoormtered, but in 60 cases hunger cachexia was the essential cause of death. 
The mean age of the patients was 30 years. Both wet and dry types of hunger 
cachexia were met with. The mean bodyweight of the patients, taking 
oedematous and non-oedematous cases together, was 29 kg., the normal body- 
weight of Indonesians being 40-60 kg. 

The liver was as a rule severely atrophic, the mean weight being 871 g. 
The observed changes in the liver consisted of atrophy, fatty degeneration, 
hepatitis, cirrhosis and acute yellow atrophy. Often two or more of these 
conditions coexisted, but always one predominated. Table I gives a summary 
of our findings. 

Table I 


The liver in extreme cachexia {Batavia, 1946) 



No. of cases 

Mean weight 
(g.) 

Lowest and Wglicst 
weight (g.) 

Pure atrophy .... 

27 

790 

460-1067 

Fatty degeneration 

11 

921 

480-1402 

Hepatitis ..... 

10 

89S 

494-1495 

Cirrhosis ..... 

3 

1206 

970-1490 

Acute yellow atrophy . 

7 

794 

484-1453 

Atrophy with induration 

2 

1390 

1370-1410 


Pure atrophy could be diagnosed ordy by the weight of the liver and 
microscopically. Two cases that showed tj-pical atrophy microscopically had 
nevertheless a normal liver weight. This could be ascribed to the general increase 
in weight of the reticulin network, the fibres of which had rmdergone a change 
into collagen. The same was found in lesser degree in most of the atrophic 
livers. This change should be called induration of the liver tissue and should 
not be confused with cirrhosis. 

Another complication that increased the weight of these purely atrophic 
livers was the occurrence of larger and smaller nodules of regenerating liver 
tissue. In one case these nodules could be seen macroscopically ; in other 
cases they were found microscopicaDy in the centres of the lobules or near 
the portal tracts. These nodides are pathologically identical with those found 
in cirrhotic livers or in hepatitis. In the cases mentioned they were a complica- 
tion of pure atrophy. 

Although in 5 atrophic livers there was histologically some fatty degeneration, 
this remained completely in the background. In 11 cases fatty degeneration 
dominated the picture, causing a rise in mean weight to 921 g. Normal weight 
was reached when complete fatty degeneration took place. In other cases fat 
was only found in the periphery of the lobules. 
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In 10 cases the changes in the liver could be characterised as general hepatitis. 
There existed acute and subacute inflammation in the portal tracts, ■with 
involvement of the neighbouring liver tissue. There was ^eat polpnorplusm 
of the liver cells, dissociation of hepatic cords and often of bile canalicuVi. 
and then a nodule of regenerating liver tissue could bo found. Cirrhotic changes 
were lacking. That atrophy was present was sho'vra by the mean weight of 
898 g. Inflammation and fatty degeneration were responsible for the larger 
mean weight and for the -wide extremes in liver weight. 

In 3 cases annular cirrhosis was noted, the liver showing fatty degeneration 
■with distinct periportal inflammation. 

The most interesting group is that of 7 cases of acute degenerative condi- 
tions. Icterus was not the predominating clinical characteristic ; the patients 
died of hepato-renal insufficiency before icterus was clearly established. 
The kidnej-s showed the features of Lucke’s lower nepliron nephrosis. At 
post-mortem, the diagnosis could be made from the extreme softness of the very 
small liver. Taking into accoimt the fatty degeneration and inflammatory 
changes which are often present, the atrophy can reaUj’’ be called extreme. 
There were two cases of recurring acute atrophy, the left half of the liver sho^wing 
an older hepatitic stage. 

It is of some value to compare these findings ■with those in non-cachectic 
patients from the same en-vironment. The most frequent causes of death 
amongst the latter were war accidents and acute pneumonia. Table H gives 
the comparison. 

Table II 


Changes in the liver in cachectic and non-cachectic 
Indonesians [Batavia 1946) 



Xo. of patients 

60 cachectic 

20 non-cachectic 

3Iean body weight .... 

29 kg. 

39-7 kg. 

Mean liver weight .... 

871 g. 

1375-0 g. 

Mean ifitamin-A content of liver 

39 I.U. 

22-2 i.tr. 

Pure atrophy 

27 ( ' 2^ 

0 

Fatty degeneration 

11 

1 

Hepatitis 

10 

o 

1 Cirrhosis 

3 

2 

j Acute atrophy . . . ’ ' 

7 

0 


The small vitamin-A content of the control cases sho^ws clearly that in these 
patients nutrition, though not sho'wing in body weight and liver weight, must 
sti 1 have been deficient. Infectious hepatitis was found in 2 cases ; in another 
case armular cirrhosis was present ; in a fourth, the liver showed portal cirrhosis 
o Laennec in a distinctlj- hepatitic stage. Here the nodular hyperplasia 
< ommated the picture. The hepatitis had clearly taken a chronic course. 

^*^Srnerative complications of hepatitis were lacking in this group, 
lie experimental investigations of Himsworth and Gljmn (Ghim and 

and Glj-nn, 1944-45 ; Himsworth, 1947) have 
and o' *hat, in rats, atrophy, acute liver necrosis, fatty degeneration 

can be caused by different tj-pes of deficient nutrition, 
resnlts lunger cachexia in man have not given completelv comparable 

n comnlov or fcadily understood. Hunger cache.xia in man is always 

P r Bcveml deficiencies. In the winter of 1944-45 in Holland we saw 
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purely atrophic livers weighing from 700 to 900 g. Uehlinger (1947, 194S) 
and Lamy et al. (1948) found a normal liver weight and only slight microscopical 
changes in patients coming back from German camps. Hepatitis as found in 
orm material from Java was not a general feature of hunger cachexia in Europe. 

Infectious hepatitis and the concurrent acute degenerative liver conditions 
showed increased frequency in Europe after the first world war and during and 
after the second. A severe epidemic of infectious hepatitis with a low death 
rate was seen in the Mediterranean theatre of war. A malign acute course of 
the disease was found in Bmma. Our observations seem to provide another 
example of the same. 

Cirrhosis of the liver is a much more frequent disease outside than inside 
Eruope. Although it can generally be characterised as the portal cirrhosis 
of Laenneo, tropical cirrhosis is much more often encoimtered in the hepatitic 
stage. Our observations filustrate the frequency of hepatitis tmder bad living 
conditions and with transition to portal cirrhosis when these adverse conditions 
do not reach an extreme degree. 

It may be suggested that clironic malnutrition leads to tropical and sub- 
tropical populations becoming a reservoir of the virus of infectious hepatitis. 

What we saw in extremely cachectic Indonesians differs only in degree from 
what in Indonesia is considered “ normal ” features of pathology. Our observa- 
tions add support to the conclusion of Snell (1947) that cirrhosis is a disease with 
a nutritional background, if only in the sense that dietetic factors render the 
liver vulnerable to hepatotoxic substances and to virus infection. 
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SOME NEW ASPECTS OF EXPERIMENTAL AMYLOIDOSIS 

E. Letxebeb 
Tubingen 


Since the days of Virchow amyloidosis has interested a large number of 
workers, whose investigations have in turn contributed to the elucidation of 
a problem which stiU awaits its final solution. The main questions concerning 
amyloid are its chemical natme, source and mode of formation, and the reasons 
for its deposition in the tissues. It seems likely that the amyloid protein is 
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not a uniform substance. Its main mass consists of a protein which stains 
regularly and intenselj- with Congo red. This docs not moan that all amyloid 
deposits are of the same chemical composition ; it only indicates that a Congo 
red-positive fraction is present in all amj’Ioid deposits. Hass and Schultz 
found that the largest protein fraction in amyloid is a globulin which later 
combines, apparently, with Congo red. Pure globulin is Congo red-negative 
and precipitates of antigens and antibodies give only a slight Congo red reaction. 
Amyloid protein is doubly refractile in polarised light after Congo red staim'ng 
(Ladewig, Eomliam’i). One can conclude, therefore, that Congo red is deposited 
in preformed structures of a submicroscopical nature within the amyloid. 

Tire iodine and iodine-sulphuric acid reactions disappear after pepsin-HCl 
treatment ; the Congo red staining remains. The iodine reaction returns if 
the tissue is put into blood plasma from a patient with amyloid. 

'^enty-fiye j'ears ago we showed that there is an increase of seriun globulin 
m t le amj loid mouse. At that time, the globulin estimation was performed 
o j once at the end of each experiment. New micro- methods for protein 
M imation made us repeat these experiments, estimating the proteins at intenuls 
® each. In blood from the tail vein of the mouse total protein 

and globidm were estimated nephelometrically (Zeiss photometer). The results 
or one injection of casein in sodimn hydroxide there is a fall in 
^ globulin. These changes are more intense after 
t- injections a ditference is seen in the diseased and control 

irretrular^icn'i^ shows a more marked fall in albumin and an 

rise in olohulin n ^affected animals show a straight and continuous 

rise m g obulm and only a small faU in albumin. 

For this'rLsoT^wi”'^ s^ms to depend on the variations of the plasma proteins. 
(1) the IVeltmanti I other micro- methods for their estimation ; 

B«kr 

tubes 3 and « limit of serum (Weltmann) lies between 

45 per cent. T ^ cent.), 

lies at 0 in 40 pef cent of tir^ ^ ejections the coagulation limit 

cent, show a co^milatinn r * u ammals. After 10 injections 40 per 

showing a shift to the richT' "Th Pcc cent.), the curve consequently 

Picturefthough shoS en?' theLrmal 

of an e.xperiiLnt it becomp^^ n i”iections, i.c. at the end 

n-ith amyloid is lower than th^t coagulation limit of the animals 

The nev-r mpfi p y of the unaffected animals. 

3rontgomer%'. modWedTntrl nJ estimations was that of Butler and 

the globulins occurs at a conPPnf^f^™®‘r Precipitation of 
concentration of 2-3.3.0 After *• ^-3-2-3, that of the albumins at a 

increase of globulin. There is a SiH h”T “^^'ting an 

stability of the increasSv fnlp f “icetions, but the 

figures fall. After 15 hiiecBnr.^ dimmished. Tlie albumin 

ef the albumins as welT Fib^ fractions in the region 

method could not be us^ for not estimated, as the nephelometric 

no difference in fibrLSS ^^n ent 

remained healthy. “ ^ between the amyloid animals and those that 

«'bdcn of increase of globulin in tho 

increase i„ ^.globulins after"fhT 

mcrca .0 m y-globulins after 15 inIS.W injections and an 

ta mjections, an mcrease wlxich probablv allows 
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one to differentiate between diseased and unaffected animals. After 20 injections 
the ^-globulins still remain increased while the y-globulins fall below normal. 
These observations agree well with the behaviour of the Weltmann band, the 
increase of which is equal to an increase of y-globulins. 

As to the origin and formation of amyloid, we believe that its protein 
constituent is not of a specific chemical nature but a part of the plasma protein. 
Whether it is a para-protein due to faulty plasma protein formation we do not 
yet know. Two processes appear to be of importance : the disturbance of the 
colloidal stability of the plasma and the formation of new plasma protein of 
a, p and y types. In many cases amyloid is the result of antigen-antibody 
reactions. ^ 


Following on the serological investigations we tried to ascertain if there 
is any relation between nutrition and amyloidosis. Using a variety of food- 
stuffs, we found that certain proteins such as plasma proteins have a protective 


power against amyloidosis. 

Finally we tried to correlate our findings with morphological changes and 
elicited the following facts. The spleen is always enlarged. The liver and 
spleen show mesenchymal-cell proliferation : unless this mesenchymal reaction 
occurs there is no amyloid formation. The increase of endothelial cells per 
sq. mm. can be counted and used as an exact measure of the reaction. A further 
criterion is the change in the liver cell itself. There is an increase in the nurnber 
of liver cells (hyperplasia) per sq. mm. from the 7th to the 14th day, and this is 
more marked in animals fed with oats and plasma protein than in those fed with 
oats only. Mitoses, regarded in this connection as resulting from the death 
of other cells, are more numerous in oats-fed animals than in those which have 
additional plasma. The mitoses disappear earlier in animals which have added 
plasma protein in their food. This probably means that the latter group suffers 
less from the injections of casein in sodium hydroxide because of their power 
to develop liver-cell hyperplasia. The animals fed only on oats show numeroiM 
mitoses for a longer period and develop a less pronounced liver-cell hyperplasia 
as judged by the liver-cell nmnbers and liver weight. 

Hyperplasia is followed by hypertrophy, which represents the final com- 
pensation of the disturbance. These changes have been studied by measuring 
nuclear volume and comparing it -with the number of cells and the quantity of 
cytoplasmic nucleotides as estimated by the methyl-pyronin method. In 
normal animals one regularly finds three classes of nuclei and a medium amount 
of nucleotides in cytoplasm and nuclei. Hyperplasia leads to an increase of 
small nuclei with a decrease of the larger ; it is combined with the appearance 
of mitoses and a decrease in nucleotides. In hypertrophy one finds' that in all 
classes of nuclei the nuclear volume is increased, and there is nucleotide formation 
in both cytoplasm and nuclei as evidence of new protein formation. The number 
of cells per unit volume is decreased. 

All our experiments have in common humoral, mesenchymal and parenchymal 
reactions and indicate that amyloid degeneration does not occur provided all 
these respond together in an orderly fashion in relation to time and quantity. 
Amyloid may show itself, however, when there is disturbance of the above- 


mentioned responses, a disturbance which may be conditioned by either exo- 
genous or endogenous factors. 


I 
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ISON -LIPID RETICULO-ENDOTHELIOSIS WITH 
DIABETES INSIPIDUS: REPORT OE A CASE 
WITH ESTIMATION OE POSTEPHOR PITUITARY 
HORMONES 

T. P. Hewee and H. Heuler 

From f/i6 D&paTtmenis of Pathology and Pharmacology, 

• University of Bristol 


(Plates CXVI and CXVH) 

This case of non-lipid reticMo-endotlieliosis "vvitli hypothalamic 
involvement is of interest both on account of the rarity of the 
condition and because there was clinical evidence at first of dis- 
turbance of posterior pituitary function, followed later by general 
hypopituitarism. 

We have used the term “ non-lipid reticulo-endotheliosis ” in 
accordance with the views of Schafer (1949), who discussed the 
relationship between this condition, the SchuUer-Christian syndrome 
and Letterer-Siwe disease. 


Case eepoet 

Clinical history 

A male child, bom 29th August 1937, developed uonnally until February 
1942 (age 44) when he had some abdominal pain and vomiting which persisted 
until June. Ho then developed some diarrhoea as well and was admitted to 
hospital. During this iUness it was first noticed that he drank a great deal, 
Xo definite cause for the abdominal pain or diarrhoea was found and there was 
no jaundice. Diabetes insipidus was diagnosed and controlled with pitre^in 
tannate. There was considerable loss of weight at this time but his condition 
impro\-ed under treatment and he was discharged from hospital on 30.9.42. 

Ho remained well and happy, being seen occasionally as an out-patient, 
unlil 10.7.44, when ho was admitted to hospital for dental extractions on account 
o oral sepsis, with Vincent's angina. 'Die diabetes insipidus was still well 
controlled with pitressin tannate. He was able to read comfortably and did 
so very well. The visual field and optic discs appeared normal and he 


was 
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intelligent. He appeared a little under-developed for his age (nearly seven) : 
this was regarded as significant. 

He was still very well when seen in July 1946 but by October 1946 obesity 
was developing and he was suffering clinically from hypopituitarism. On 
25.11.46 he was admitted to hospital for liver biopsy because the liver was 
felt to be enlarged. At laparotomy there was a fine cirrhosis which histologically 
w'as considered to be of portal tj’pe. The spleen was not palpable, and X-ray 
examination of the skull and of the whole of the skeleton showed no evidence 
of deposits of any kind in the bones. The vault of the skull appeared well 
developed and the pituitary fossa was normal in shape but the facial bones 
and mandible were considerably under developed. The teeth still remaining 
in the jaw indicated a normal degree of development for the child’s age. The 
epiphyses of the long bones corresponded with those of a child aged about 5, his 
actual age at this time being 9 years. The sugar tolerance curve, blood cholesterol, 
serum sodium, plasma chloride and serum inorganic pliosphate were all within 
normal limits. 

On 3.11.47 he was again admitted to hospital because of abdominal pain, 
chiefly after food. He complained of sleeping more than usual. There was 
slight jaimdice and considerable obesity. He was slow in his movements, but 
his face, though expressionless, was intelligent. His height was 41 in., his weight 
56 lb., the normal figures for this age being 62 in. and 67 lb. No lymph-node 
enlargement was palpable. The diabetes insipidus was still controlled by 
pitressin tannate. X-ray examination of the bones again showed no sign of 
tumour deposit. An X-ray of the chest showed some blurring of both lung 
fields and some increase in shadowing above the right diaphragm. 

Blood count. Red cells 3-08 million ; Hb. 40 per cent. ; C.I. 0-65 ; wdiitc 
cells 5800, with normal leucocyte distribution ; reticulocytes 3 per cent. ; 
platelets normal. 

A sternal puncture gave no evidence of arrested development of either 
leucocytes or red cells and no abnormal cells were seen. B.P. 125/90. Later, 
the jarmdice increased and ascites developed and ho became comatose. Rdks 
developed at the lung bases and he died on 8.12.47. There was no fever imtil 
the terminal illness. 


Summary of autopsy 

The autopsy was performed 14 hours after death. A very obese 
little hoy 107 cm. in length and looking about 5 years of age. 
Moderate jaundice. No skin lesions except a few fresh haemorrhages. 
Some ascites. A collateral venous circulation had developed around 
the liver, which was cirrhotic and jaundiced as a result of the presence 
of large gall stones in the intrahepatic bile ducts. These obstructed 
particularly the main left duct and the left lobe of liver was almost 
completely atrophied. Gall-bladder fibrosed but contained no stones. 
Common duct patent. 

Spleen large (375 g.), with smooth tense capsule and dark greyish 
firm pulp ; Malpighian bodies inconspicuous. The appearance, except 
for a general greyness, was that of chronic venous congestion and the 
splenic vein was dilated. 

Lymph nodes around the pancreas, along the lesser curvature of the 
stomach and in the portal fissure were greatly enlarged, soft, discrete 
and yellowish brown on section. There was no other glandular 
enlargement. 
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Bone marrow in sliaft of femur mostly fatty ; a little red marroTr 

at centre, increasing above. 

(Esophageal veins prominent. 

The stomach appeared healthy hut a subacute ulcer and a few small 
acute peptic ulcers were present in the duodenum. The jejunum^ and 
ileum appeared normal, with no enlargement of the lymphoid follicles. 
On the posterior wall of the caecum there was a localised area of 
grey infiltration about 1 cm. in thickness ; this did not involve the 
mucosa. 

The tipper respiratory tract was healthy, with no active otitis, but 
there was a terminal bronchopneumonia. 

Kidneys, ureters, bladder and genital organs were normal in gross 
appearance, the testes being in the scrotum. 

Of the endocrine organs the pituitary appeared normal in size. 
After careful dissection the anterior lobe weighed 320 mg., the posterior 
lobe 16-5 mg., the latter being thus extremely small. The thyroid 
was almost imperceptible, consisting of a thin sheet of tissue some 
3 mm. in thictoess. There was no gross fibrosis but the outline of 
the gland was very indistinct and it could not be dissected away 
from the surrounding structures. The parathyroids were not iden- 
tified because a large horizontal block of the larynx was taken for 
histological examination of the remnants of the thyroid. The 
adrenals together weighed 4-4 g. and were extremely small and fiat. 
Thymus atrophied. 

Bones. There were no gross deformities and no defects. Epiphytes 
not enlarged. SkuU of normal thickness and consistency. 

Brain . jileninges normal. The only abnormality was a solid tumour 
occupying the hypothalamic region. It was greenish when fresh, but 
granular and yellow in the centre, and was thought to be a cranio- 
pharyngioma (fig. 1), There was no involvement of the optic chiasma 
and no obstruction of the ventricular system. 


Histology 

Hypothalamic tumour. ISTiat was thought to he a cranio- 
pharyngioma proved to be a granulomatous lesion with some free 
cholesterol crj'stals in the interstices and an infiltration with large 
acidophil histiocytes showing occasional mitoses. Some of these in 
the centre of the lesion, where the yellowish patch was seen in the 
gross, had formed giant cells with up to twenty nuclei in a given 
section and foamy cytoplasm (fig. 2) ; some had phagocytosed hrown 
pigment which gave the Prussian blue reaction. A frozen section 
s lowed that the few foamy histiocytes contained sndanophil isotropic 
T^d, presumably neutral fat : the other histiocytes contained little 
or no hpid. The majority of the mononuclear histiocytes had a 
^amctor of approximately 8-14 microns. Occasional eosinophil 
leucocj-tes were present. 
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Spleen. The pulp was full of similar histiocytes but the 
general splenic structure was maintained and the Malpighian bodies 
were not involved. Reticulin fibrils were increased around the 
histiocjdies. 

Lymph nodes. The enlarged abdominal lymph nodes (fig. 3) were 
fuU of histiocytes which had distended and blocked all the lymph 
sinuses and had also invaded the stroma to some extent. These 
histiocytes were similar to those seen in the hypothalamus and in the 
spleen. A few contained cell debris that had been phagocytosed and 
some had brownish pigment which gave the Prussian blue reaction. 

A few eosinophil cells were seen and there was also an occasional 
small focal necrosis. 

lAver. This was grossly scarred as a result of the biliary obstruction 
and in the coimective tissue around the more severely damaged areas 
there was infiltration by histiocytes. There was no suggestion that the 
histiocytic infiltration was the cause of the liver lesion. 

Pancreas. In some sections of the pancreas there were areas of 
histiocytic invasion. The islets showed no abnormality. 

Caecum. The affected portion of the wall observed naked eye was 
infiltrated with histiocytes. Eosinophil leucocytes were more numerous 
in this lesion than elsewhere. 

Langs. The pneumonia was characterised by some hiemorrhage 
and by infiltration of the alveolar walls and particularly the alveolar 
spaces with histiocytes, which in this situation had become markedly 
phagocytic. Very few polymorphonuclear leucocytes were seen. 

Pituitary. The anterior lobe of the pituitary was unfortunately 
slightly damaged in the process of dissection, which was undertaken 
before fixation. In consequence there was some drying of the cells 
at the periphery of the gland and a certain amount of shrinkage was 
evident throughout. None the less it was quite clear that there were 
very few acidophil cells present and that, even allowing for shrinkage, 
those present were considerably smaller than normal. On comparing 
sections of this gland with others from a normal boy aged 9 years 
it was estimated that there were approximately 5 times as many 
acidophil cells per field m the normal gland as there were in the gland 
from the present case. As a result of the shrinkage it was not possible 
to make an accurate count of the basophil and chromophobe cells. 
There was no suggestion of histiocytic invasion of the anterior pituitaiy 
and the fragment of the posterior lobe which was present in some 
sections also contained no histiocytes. 

Thyroid. This was so small that horizontal sections had to be cut 
through the whole of the larynx so as to include what remained of 
the thyroid. It was represented only by a few minute collections of 
atrophied acini and groups of shrunken cells without acinar arrange- 
ment. These were surrounded by fibrous tissue invaded by large 
nmnbers of histiocytes. 

Adrerwils. These showed considerable atrophy of the cortex 
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involving all layers but particularly the zona fasciculata. No histiocytic 
invasion "was seen. 

Thymus. Sections through the fatty tissue in the region of the 
thymus failed to shovr any sign of thymic tissue. 

Testes. These appeared normal for a child of this age. 

Estimation of posterior piiiiitary hormones 

The posterior lobe, after dissection, -was placed in acetone and 
extracts prepared as described by Heller and Zaimis (1949). The 
antidiuretic activity of the extracts -was estimated by means of 
intravenous injections into non-ansesthetised rabbits (HeUer, 1940-41). 
Virgin guinea-pig uteri were used for the assay of oxytocic activity. 
Posterior pituitary extract (British Drug Houses) was used as the 
standard preparation. The table shows the results compared with 
controls ftom 14 normal adults and 15 newborn infants. It will be 
noted that the weight of the posterior lobe of the present subject, 
a boy aged 10 years, was only that of a new-born infant and contained 
only minute quantities of antidiuretic and oxytocic principles. 

Tabxe 


Mean size and hormone content of normal human posterior pituitary glands 
contrasted with the figures for the case of diabetes insipidus 



Wt. of 

Wt of 

wt, of 
posterior 

Dry rrt. 
of 

posterior 

lobe- 

(mgA 

Percentage 

Antidinretic activity 

Oxytodc activity 


antenor 

itibe 

(mg.) 

posterior 

lobe 

(mg) 

lobe as 
percentage 
of rvhole 
gland 

Eolidsln 

p<Bterior 

lobe 

mV.I 
mg. dry 

gland 

mV.I 

postenor 

lobe 

mV.l 
mg. dry 
^nd 

mV.I 

postenor 

lobe 

Adnlts (14) 

435=33 8 

131=6-5 

24-5=1-82 

19-8 ±1-4 

14-9=0 53 

761 ±58 

14570—15S0 

747=45 

liMW 

Kewboni infants 
« (15) 

60i 3-9 

15il-6 

23-6 ±2-22 

2-4±0-2 

15-8±1-3S 

166±25 

375 =40 

150 ±3S 


Ca*?© of diabetes 
insipldtisagedlO 

312-8 

16*5 

6-3 

2-9 

17‘5 

"2 1-7 

"15 

<1-7 

fBti 


The normal Bgores are from the paper of HeDer and Zaimis (1049) 


Disctrssiox 

It is significant that there was no sign of invasion of either the 
anterior or the posterior lobe of the pituitary by the reticulo- 
endothehosis ; it is therefore reasonable to assume that the diabetes 
insipidus was produced by the hypothalamic lesion. The hormone 
content was found to be less than 1 per cent, of normal. We have 
found no other reference to hormone estimation in the neurohypophysis 
of human material from cases of diabetes insipidus, but the very 
low hormone content agrees with experimental findings in animals 
subjected to section of the pituitary stalk (Pisher and Ineram 1936 • 
Hare ei at., 1941 ; Hickey el al., 1941). * ’ 

interesting feature of the present case is the chnical evidence 
of disturbance of function of the anterior lobe of the pituitary two 
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years after the onset of diabetes insipidus. This is not entirely 
unexpected, since Globus et al. (1947) have demonstrated that lesions 
in the hypothalamus may give rise not only to diabetes insipidus 
but also to disturbance of anterior pituitary function, together with 
atrophy of other endocrine glands. In the present case it was noted 
that there was a deficiency of acidophil cells in the anterior lobe of 
the pitrdtary and extreme atrophy of both the thyroid and the adrenal 
cortex. It is true that the remnants of the thyroid were invaded by 
histiocytes but there were none in the adrenals and we considered the 
atrophy of both to be due to extraneous factors. Both the pituitary 
and the thyroid changes may have contributed to the cessation of 
growth. 

It may be noted that the diabetes insipidus persisted up to the 
time of death in spite of the severe degree of hypothyroidism and of 
cortical atrophy of the adrenals. It has been claimed (Globus et al.) 
that hypothalamic lesions do not pr-oduce diabetes insipidus unless 
the thyroid, and probably also the adrenal cortex, are normally active. 

In the absence of any clear proof of nervous connections between 
the hypothalamus and the anterior hypophysis the occurrence of 
changes in the anterior lobe may perhaps be attributed to disturbance 
of its blood supply by the lesion in the hypothalamus, since Green and 
Harris (1949) have shown that, in the rat, blood flows from the region 
of the tuber cinereum through the hypophysio-portal circulation to 
the anterior lobe of the pituitary. The involvement of the hypothalamus 
by massive reticulo-endotheliosis may well have interfered with these 
vascular channels. 

The relationship between Schiiller-Christian disease and Letterer- 
Siwe disease is discussed by Schafer (1949), who agrees \rith other 
writers, including Wallgren (1940) and Mallory (1942), that there are 
transitional forms between the lipid-containing lesions of the former 
disease and the non-lipid lesions of the latter. The term “ non-lipid 
reticulo-endotheliosis ” is therefore to be preferred for cases such as 
the present which lack several of the characteristic manifestations of 
Letterer-Siwe disease. 


SUMMABY 

A case is reported of a boy aged 10 who developed normally until 
the age of 5, when diabetes insipidus appeared. Two years later growth 
ceased and he became obese. 

The diabetes insipidus was due to involvement of the h 3 rpothalamus 
by a non-lipid reticulo-endotheliosis. 

Both the antidiuretic and oxytocic hormones of the posterior 
pituitary were estimated and foimd to be greatly reduced. 

There was a deficiency of acidophil cells in the anterior pituitary 
and extreme atrophy of the thyroid and of the cortex of the adrenals. 

The relation of the hypothalamic lesion to these autopsy findings is 
discussed. 
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PROGNOSIS IN CUTANEOUS AND OCULAR IMALIG- 
NANT ]MELANO]\IA : A STUDY OE 222 CASES 

C. J. E. Weight 

From the Department of Pathology and Bacteriology, 

University of Leeds 

(Plates CXVm-CXXW) 

IMaugnaIsT melanoma, on tlie whole a highly malignant tumour, is 
also of very rariahle histological structure and chnical course. Indeed 
it is still not generally realised that the prognosis is not uniformly 
had and that there is a marked difference in outlook in skin and eye 
cases, moreover it is only within recent years that prepubertal 
melanoma of the skin has come into prominence in the hterature. 

It would seem that true malignant melanoma rarely exists before 
the age of puberty, the prepubertal lesion being usually, at most, 
only a transition towards malignancy. Doubtful or transitional 
melanomata are by no means rare and are not confined to children, 
although usually met with in the yoimger age groups. These cases 
offer great difficulty in histological diagnosis even to the experienced 
histopathologist. 

In the present study, all cases of melanoma submitted to 
histological examination in the Leeds General Infirmary over the 
23-year period 1925-47 have been reviewed. The series is a con- 
tinuation of that reported by Gleave (1929), who covered the previous 
15-year period. The cases collected were (1) those in which a definite 
histological diagnosis of malignant melanoma had been made, 
(2) doubtful cases, where nsevus-ceU moles had been regarded as 
suspicious, and (3) obviously malignant lesions which had been 
regarded as possibly melanomatous. Of a total of 234 cases, 86 were 
ocular, 148 cutaneous and mucosal. Of the latter, 115 were in group 1, 
29 in group 2 and 4 in group 3. The histological sections were next 
examined, in consultation with Professor Stewart, without reference 
to the original diagnosis and report. The following changes were 
then made in the grouping ; three cases in group 1 were considered 
to be malignant but not melanomatous and were rejected, and five 
in group 2 were considered to be entirely’’ benign and also rejected. 
Of the four cases in group 3 two are probably not malignant 
me anomnta, the other two may well be genuine but are not included 
in the scries. Si.v of group 1 were transferred to group 2 and three of 
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group 2 to group 1. These changes result in 109 of the skin cases 
now being regarded as malignant melanomata and 27 as doubtful. 

Including the 86 eye cases, all of which are regarded as frankly 
malignant, there is a total list of 222 cases of which 208 are from the 
Leeds General Infirmary, 11 from other Leeds hospitals and 3 from 
private sources. Two hundred and fourteen of the cases have been 
followed up by personal communication with the patient, if alive, 
or with his relatives and private doctor. 


MaLIGNAKT MELANOniA OP THE SKIN AND MUCOUS MEMBBAPTES 

In this series of 109 confirmed cases 105 have been followed up. 

Age distribution. The disease was rare under the age of 20 and 
became frequent in the 5th to the 8th decades, 78 per cent, of the 
cases falling into the 40-79 age group. Pack et al. (19476, 862 cases) 
found the large majority in the 35-70 age group and emphasised that 


Table I 


Age distribution at the time of operaticni in 109 cases of 
malignant melanoma of the shin and mueosce 


Age periods 


10-19 20-29 30-39 40-40 50-59 60-C9 70-79 80-89 




Youngest 8 years, oldest 84 ; average 52-6 years 

of their 15 prepubertal cases none metastasised and aU survived 
indefinitely ; they would classify this group separately. In the 
present series only one case considered to be franldy malignant on 
histological grounds was encountered below the age of 19 — that of a 
child of 8 who was alive and free from recurrence 3 years later. 

Sex distribution. This showed no significant difference — 60 females 
(55 per cent.) and 49 males (45 per cent.) and is in accord with previous 
findings. 

Sites of occurrence. These are shown in the following list 


Head and neck (excluding eye) 
Face 

Trunk .... 
Extremities 

Upper limb 
Lower limb 

Foot . . 15 (14 per 

Other sites 

Nasopharynx 

Vagina 

Cervdx 

Anus and rectum 
No primary foxmd 


24 (22 per cent.) 


14 (13 per cent.) 
29(27 „ „ ) 


28 (2G per cent.] 

30 (28 „ „ ! 
43 (39 „ „ : 


Total . 


. 109 









PROGNOSIS IN MALIGNANT MELANOMA .'lOy 

The most common sites ^vere thns the face (22 per cent.) and the 
lower limh (27 per cent.). The difference between the npper and 
lower limb incidence is striking and it shovdd be noted that no less 
than half of the lower limb tumours were on the foot. 

Origin in a pre-exisiing mole. Forty-six (49 per cent.) of 94 cases 
where the information was available gave a liistory of a pre-existing 
mole, present either ftom birth (20 cases) or for several or many years. 
Baland and Holmes (1939. 128 cases) obtained a corresponding figure 
of 44-6 per cent, and Pack e( al. (19476, 862 cases) recorded 50 per 
cent., while some authors have reported even higher figures (Ackerman, 
1948, 75 cases. 61 per cent. ; Driver and MacVicar, 1943, 60 cases, 
SO per cent.) and some lower (Coley and Hoguet, 1916, 91 cases, 
39-6 per cent. ; Horwitz, 1928, 49 cases, 36-7 per cent. ; Cleave, 
1929, 22 cases, 36 per cent.). 

Role of trauma. Trauma has frequently been regarded as an 
exciting factor in the production of malignant melanoma and probably 
plays a part in some cases. In this series there was a history of 
trauma in IS cases (16-5 per cent.). Pack ef al. (19476) found a 
history of trauma in not more than 20 per cent, and in most of 
these it was considered a doubtful factor : on the other hand they 
emphasise the importance of chronic irritation. The common mole 
on the lower limb, especially on the foot, may well acquire malignant 
properties by virtue of the trauma to which it is constantly exposed. 
Hewer (1935), in a senes of 42 malignant melanomata of the skin 
in natives of the Sudan, found that 28 were situated on the foot, 
17 being on the sole. He comments that this high incidence, especially 
on the sole of the foot, in people who walk baxe-foot in a country 
abomiding with thorns and sharp stones is fairly strong evidence for 
the significance of trauma in their causation. The factor of tramna is 
also probably not negligible in moles on the face. It has already 
been noted that the commonest sites for malignant melanoma, both 
in this and in other authors’ series, are the face and lower limb, 
particularly the foot. 

Cases coming to autopsy. Eleven of the skin cases were examined 
post mortem, and multiple generalised secondary deposits found in all 
but one — the malignant melanoma of nasopharynx. Secondary 
deposits in the brain were particularly common, being present in six 
of the nine cases with raetastases in which the brain was examined ; 
Pellet (1941) stated regardmg his autopsy findings that it was amazing 
how frequently metastases of melanoma were found in the brain. 


Prognosis 

f^e\euty of these cases had a possible 5-year or longer survival 
tune, of which 2S-6 per cent, survived the 5 years. The average 
survival period of the 70 cases was 3j” years firom the time of operation 
and were still alive with an average survival of 10“. years. Fifty- 
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eight were dead : they had survived for an average of 2/g years, 
de Cholnoky (1941) took the average of all authors with large series 
and obtained a figure of 19'2 per cent, of 5-year arrests. Recently 
Pack et al. (19475), in an anatysis of 595 unselected cases with a 
possible 5-year survival, found the over-all 5-year salvage to be S-/ 
per cent. This low figure may be accounted for by the fact that 
64 per cent, of the total of 862 cases available for analysis had recurrent 
tumours when first seen : they had received prior treatment elsewhere. 

Table II 


Survival rate in malignant melanoma of the sTcin and mucoscB 


Survival period (years) 

1 

2 

3 

4 

6 * 

lot 

No. of possible cases 

05 

88 

so 

76 


48 

Percentage surviving 

83-2 

58 

42-5 

34-2 

28-6 

12-5 


• Four had developed recurrence during tlds time 
t All were free from recurrence 


The prognosis was worse in the older age groups, a greater 
percentage being dead, with a smaller proportion of 5-year survivals, 
but the fatal cases had approximately the same survival times m 
the various age periods. Lesions on the trunk had the poorest 
prognosis, a greater percentage being fatal and the average survival 
time less than for other sites. Upper hmb lesions had a good prognosis 
but only five cases were available. Head and neck and lower limb 
cases had a similar prognosis. 

Prognosis in subungual melanoma, Dawson (1925) laid stress on 
the gravity of melanoma of the nail or nail fold and on the rapidity 
of development, intense pigmentation and speedy breaking down of 
the regional glands related to this site. Pack and Adair (1939), on 
the other hand, stated that the percentage of cures was higher in this 
site than in any other location and that amputation of the involved 
region was usually curative if no metastasis had occurred. In the 
present series of 109 cases there were six subungual lesions (5 -6 per 
cent.) and three situated on terminal phalanges without being related 
to the nail bed, making nine cases in all where amputation of the digit 
would be the treatment of choice. Of the six subungual cases five 
were males and the average age was 66. Two of the three non- 
subimgual cases were males and the average age was 54. The average 
age of the nine cases was 62. One of the subungual group was situated 
on the big toe and five on fingers. Two of the non-subungual cases 
were situated on the big toe and one on a finger, making a total of 
three on the big toe and six on fingers. It is interesting to note that 
seven of the nine cases, including all three on the big toe, gave a 
definite history of trauma. Eight cases were treated by complete and 
one by partial amputation of the digit, five being preceded bv biopsy. 






PROONOSIS IN MALIGNANT MELANOMA 


Pissection of the xegional glands was carried out at the same time in 
only four cases where the glands were palpable. In two (both subungual 
eases) they were appreciably enlarged and proved to be invaded by 
growth one of these patients died nine months later ; the other is 
still alive after ‘Ik Only sUght glandular enlargement was 

present in the other two (both non-subungual), but microscopicaUy 
one showed early invasion and the patient died eleven months later , 
the other patient is still alive after 5fs years. Of the five cases where 
the glands were not removed at the time of amputation only two 
(both subungual) are stUl alive after ISj-j and years, the latter 
six months after excision of local glandular metastasis. The other 
three patients died from metastases after ten months (non-subungual), 
1^5 years and one year (subungual) respectively ; the last two had 
developed local glandular metastases. 

The prognosis in this group of cases, irrespective of whether the 
tumour is in fact subungual, does not appear good and is certainly 
no better than lesions elsewhere as judged from this small series, 
live of the nine were dead with an average survival period of only 
one year and two of the surviving cases have developed local glandular 
metastasis. It would seem that the glands tend to be invaded early, 


particularly where the tumour is situated on the toe, and here trauma 
may well be a factor in inducing rapid spread, hlicroscopic deposits 
in (he glands are quite likely to have been present in the &st instance 
in the three cases which subsequently developed glandular enlargement, 
as amputation would preclude the possibility of any local recurrence 
which might have undergone metastasis to the glands. Recurrence in the 
stump ^d not occur in any of these cases. The danger therefore lies in 
the regional glands, which should be excised in every case whether palp- 
able or not. If there are no metastases in the glands amputation should 
give good results. The outlook in cases with microscopic metastases 
in non-palpable glands is unpredictable, as no large series has as yet 
been reported. Should the regional glands be enlarged and invaded 
the prognosis is usually hopeless and more extensive surgical measures 
than simple excision of the glands is the only hope. 

Prognosis in rdaiion to glandular involvement and local recurrence. 
In 7 cases the primary tumour had been removed elsewhere and the 
patient came under observation either with a local recurrence or with 
enlarged lymph glands. Of the 109 cases 7 were considered hopeless, 
and of these, 4 were biopsied only ; in 2 the primary was removed, 
m the other it was examined histologically only post mortem. In a 
urther 77 cases the primary alone was removed, and in 2 others 
1C glands were removed though no primary was fmmd. The primary 
and the regional glands were removed together, or within six weeks, 
in 10 remaining 23 cases. To deal with this last group first ; in 
cases the glands were clinically enlarged, and, in all but two, proved 
. ^^^•'ded on histological examination. The average survival 

rom the time of operation for 13 of the 16 cases where the 
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eight were dead : they had survived for an average of 2/2 years, 
de Cholnoky (1941) took the average of all authors with large series 
and obtained a figure of 19-2 per cent, of 5-year arrests. Eecently 
Pack et al (19476), in an analysis of 595 unselected cases with a 
possible 5-year survival, found the over-aU 5-year salvage to be 9-7 
per cent. This low figure may be accounted for by the fact that 
64 per cent, of the total of 862 cases available for analysis had recurrent 
tumours when first seen ; they had received prior treatment elsewhere. 

Table II 


Survival rate in malignant melanoTna of the skin and mucosw 


Survival period (years) 

1 

2 

3 

4 

5* 

10 1 

No. of possible cases 

95 

88 

SO 

70 

70 

4S 

Percentage surviving 

83-2 

58 

42-5 

34-2 

28-6 

12-5 


* Four had developed rcciirrence during this time 
t All were free from recurrence 


The prognosis was worse in the older age groups, a greater 
percentage being dead, with a smaller proportion of 5-year sumvals, 
but the fatal cases had approximately the same survival times in 
the various age periods. Lesions on the trunk had the poorest 
prognosis, a greater percentage being fatal and the average survival 
time less than for other sites. Upper limb lesions had a good prognosis 
but only five cases were avafiable. Head and neck and lower limb 
cases had a similar prognosis. 

Prognosis in subungual melanoma. Dawson (1925) laid stress on 
the gravity of melanoma of the nail or nail fold and on the rapidity 
of development, intense pigmentation and speedy breaking down of 
the regional glands related to this site. Pack and Adah: (1939), on 
the other hand, stated that the percentage of cures was higher in this 
site than in any other location and that amputation of the involved 
region was usually curative if no metastasis had occurred. In the 
present series of 109 cases there were six subungual lesions (5-5 per 
cent.) and three situated on terminal phalanges without being related 
to the nail bed, making nine cases in aU where amputation of the digit 
would be the treatment of choice. Of the six subungual cases five 
were males and the average age was 66. Two of the three non- 
subungual cases were males and the average age was 54. The average 
age of the nine cases was 62. One of the subimgual group was situated 
on the big toe and five on fingers. Two of the non-subungual cases 
were situated on the big toe and one on a finger, making a total of 
three on the big toe and six on fingers. It is interesting to note that 
seven of the nine cases, including aU three on the big toe, gave a 
definite history of trauma. Eight cases were treated by complete and 
one by partial amputation of the digit, five being preceded bv biopsy. 



phogsosis in malignant melanoma ‘'ii 

Dissection of the regional glands was carried out at the same time in 
only four cases where the glands were palpable. In two (both stibungual 
cases) they were appreciably enlarged and proved to be invaded b\ 
growth ; one of these patients died nine months later ; the other is 
still aliU after 2^, years. Only slight glandular enlargement was 
present in the other two (both non-subungual), but microscopically 
one showed early invasion and the patient died eleven months later ; 
the other patient is still alive after 5;. years. Of the five ca-^es where 
the glands were not removed at the lime of amputation only two 
(both subungual) are still alive after and 4,', years, the latter 
six months after excision of local glandular metastasis. The other 
three patients died firom metastases after ten months (non-subungual), 
years and one year (subungual) respectiveh- ; the la.«t two had 
developed local glandular metastases. 

The prognosis in this group of cases, irrespective of whether the 
tumour is in fact subungual, does not appear good and is certainly 
no better than lesions elsewhere as judged from this small series, 
live of the nine were dead with an average survival period of only 
one year and two of the surviving cases have developed local glandular 
metastasis. It would seem that the glands tend to be invaded early, 
particularly where the tumour is situated on the toe, and here trauma 
may well he a factor in inducing rapid spread. ^Microscopic deposits 
in the glands are quite likely to have been present in the fet instance 
in the three cases which subsequently developed glandular enlargement, 
as amputation would preclude the possibility of any local recurrence 
which might have imdergone metastasis to the glands. Recurrence in the 
stump did not occm: in any of these cases, lie danger therefore lies in 
the regional glands, which should be excised in every case whether palp- 
able or not. If there are no metastases in the glands amputation should 
give good results. The outlook in cases with microscopic metastases 
in non-palpahle glands is unpredictable, as no large series has as yet 
been reported. Should the regional glands be enlarged and invaded 
the prognosis is usually hopeless and more extensive surgical measures 
than simple excision of the glands is the only hope. 

Prognosis in relation to glandular involvement and local recurrence. 
In 7 cases the primary tumoux had been removed elsewhere and the 
patient came xmder observation either with a local recurrence or with 
enlarged lymph glands. Of the 109 cases 7 were considered hopeless, 
and of these, 4 were biopsied only ; in 2 the primary was removed, 
in the other it was examined histologically only past mortem. In a 
further 77 cases the primary alone was removed, and in 2 others 
the glands were removed though no primary was found. The primary 
and the regional glands were removed together, or within six weeks, 
m the remaining 23 cases. To deal with this last group first in 
IS cases the glands were clinicafty enlarged, and, in all but two, proved 
to be mvaded on histological examination. The average survival 
penod ftom the time of operation for 13 of the 16 cases where the 
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glands were invaded was 1^^ years, the other three being still alive 
but only followed up over a short period. Five of these cases developed 
further lymphadenopathy and again had glands excised, and it is 
interesting to note that these include some of the longest survival 
periods in the 16 cases, namely 5, Sjl, 3, IJ-J- and Ifg years. The 
two cases in which the glands were not invaded are stUl alive after 
5j| and 2\\ years. In only five cases was a block dissection of the 
regional glands carried out where these were not palpable clinically, 
and in two there were microscopic secondary deposits. Three of the 
five are still alive after 16,^ years (glands invaded, fig. 3), 5 years 
and years (glands not invaded), while the other two died after 
2j| years (glands invaded ; developed local recurrence) and years 
(glands not invaded but terminal subcutaneous metastases). 

Recurrence without general spread may be either local, or metastatic 
in the regional glands. Growth developing between these sites is not 
Imown to have occurred in this series apart from a terminal popliteal 
gland metastasis in one case ; subcutaneous deposits of random 
distribution and not related to this area have been encountered 
terminally in a few cases. Local recurrence occurred in at least 19 
(22 per cent.) of a total of 88 possible cases and was excised in 15. 
Its development was not more frequent in cases with palpable glandular 
metastasis in the first instance. 

In 18 (25 per cent.) of the 73 cases followed up in which the primary 
alone was excised, enlarged regional glands developed at an average 
interval of 1^ years (longest interval 4j| years) after the primary 
operation, and were removed. Four recent cases are stiU alive but 
the remainder aU died shortly after removal of the glands (average 
ten months : longest subsequent survival lj| years). In one of these 
cases the enlarged glands proved to be merely hjqierplastic, although 
local recurrence then developed with invaded glands. This case makes 
three in all where glands were enlarged but not invaded. In the same 
group of 73 cases, but excluding four where amputation was performed, 
local recurrence developed in 16 (23 per cent.) and it is remarkable to 
note that 8 were patients included in the 18 who developed enlarged 
metastatic regional glands. A further case was Imown to have 
developed metastatic glands after local recurrence but they were not 
excised. This association indicates that the glandular metastasis in 
the 8 cases was in aU probability due, in some at least, to the local 
recurrence wliich either developed before and was excised, or was 
present at the time of excision of the enlarged glands. It is also obvious 
that, even if block dissection of the glands had been carried .out in the 
first instance, the growth would not have been completely eradicated. 
In the other ten cases microscopic deposits in the glands, although. 
not palpable, may have been present when the primary was excised, 
as was indeed foxmd in two of five cases in this series. Pack et al. 
(1945) reported that of ten axillary dissections in which there were no 
palpable nodes, microscopic deposits were found in five and also in 
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Fig. 2. — Higher power 
view of part of fig. 1 to 
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Fig. 3. — ^Tmy secondary 
deposit in non-palpable 
inguinal gland excised 
in prophylactic block 
dissection. Same case 
as figs, 1 and 2. x 100. 


All sections stained with luematoxyhn and eo=in. 
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two of seven groin dissections. TSnlarged regional glands developed 
in more than the IS cases but were terminal and not excised. 

Of the glands which had been excised in a total of 42 eases, 22 
were inguinal, lu axillary. 3 cervical, 1 snpraclarncular and I submental. 
In the two eases where no primary was found death occurred within 
ivro months of excision of the glands. Radiation therapy was u=ed 
in the treatment of many of the cases, apparently without much 
success. 

From these results it is evident that when enlarged metastatic 
regional glands have developed at an interval after removal of the 
primary, simple excision of the glands is likely to be of little value ; 
the outlook, indeed, is liopeless. In the cases where regional glands 
were found to be enlarged and invaded in the first instance and were 
excised at the same time as the primary the results were little better : 
all proved fatal, with only a slightly longer average survival. Sampson 
Handley pointed out in 1907 that in cases with palpable enlargement 
simple excision of the glands was likely to be useless, as permeation 
of the lymphatic plexus of the deep fascia soon took place around 
the affected glands. He adrnsed that a large area of the deep fascia 
be removed with the glands. Pack et al. (1945, 1947a) advocated 
radical excision of the primary and metastatic tumours in continuity 
and even fore- or hind-quarter amputation. 

The prognosis also proved to be poor in the 7 cases where the 
primary alone was excised and in which local recurrence developed 
without glands. Four died &om metastasis shortly after recurrence ; 
one died 4’; years later from “ old age ” ; one is still abre i 3 'ear 
after excision of a second recurrence, and the other was found to 
have a second recurrence which had developed 4 years after excision 
of the primary. 

As there are onlj- five cases in this series in which block dissection 
of non-palpable glands was performed at the same time as the excision 
of the primary tumour, it is difficult to judge the results of tliis opera- 
tion. Three of these patients are stiff alive, including one with, 
microscopically invaded glands who has survived 16/„ years (%s. 1-3). 
It still remains to he seen what the follow -up results of a large series 
of these cases would be. It may be that if the glands prove to be 
invaded the prognosis is had and more radical surgery necessary. 
Local recurrence is an additional risk ; it occurred in at least 22 per 
cent, of ail possible cases. The few long survivals in this series have 
been obtained, with one exception, solely by simple excision of the 
primary tumour, which implies that the tumour must have been 
completely localised. It is, however, not uncommon to find tiny 
satellite nodules of growth in the subcutaneous tissue around the 
primaiy, and m order to improve results in the other cases-the vast 
majonty-wide local excision is essential. Of cases where the primary 

“'f ® '"“"AT , r local relorrence 

(23 pci cent.), enlarged metastatic regional glands (25 pel cent) 



514: 


<7. J. JE. WEIGHT 


or both, without other evidence of spread. These figures, together 
with the probability that in some cases the metastatic glands were 
the result of local recurrence, suggest that more cases might be saved 
if the primary growth were more widely excised. Wide excision of 
the primary is probably the most valuable measure in the treatment 
of malignant melanoma of the skin with non-palpable glands. In 
addition, the regional glands should be dissected out en bloc — ^preferably 
a month later — in aU cases wherever possible, although, if they are 
found to be invaded, the prognosis without more radical surgery is as. 
yet unpredictable. 

Causes of death. Of the cases followed up 70 were dead, and from 
a careful analysis of all the data in each case the conclusions in table III 
were reached regarding the cause of death. If only cases with the 
possibility of 5 years survival or longer are considered the difference 
is but slight. The patients who have probably not died from malignant 
melanoma show a higher average age at death and a much longer 
average survival after operation than those dying of malignancy, which 
is in favour of their not having died firom metastasis. In the cases where 

Tabub III 


Analysis of causes of death in 70 fatal cases of malignant melanoma 
of the skin and mucosae 



Ko. of cases 

Average age at death 

Average surdval 
ahci operation 
(years) 

Total cases dead 

70 

58 

2* 

Probably dying of malignant 

60 (86 per cent.) 

5C 


melanoma 


Probably not dying of 

4(6,, ,. ) 

74 


malignant melanoma 


Cause of death not known . 

6 ( 8 „ „ ) 

70 

1 



the cause of death could not be determined, some have probably 
died from malignancy and some from other causes. Twenty of the 
70 cases in which there was a possibility of 5 years’ survival or longer 
exceeded the d-year limit and 12 were stiff alive after periods up to 
years. Only three or perhaps five cases died from malignancy 
more than 5 years after excision pf the primary growth and, of the 
five, four had developed glandular secondaries during these 5 years. 
It would therefore appear that if a patient survives 5 years with nO' 
enlargement of glands or local recurrence there is a very good chance 
of his being entirely free from growth. 

Pathology 

Ulceration was present in 70 per cent, of the primary lesions, 
and, as one would expect, the largest tumours tended to have the 
worst prognosis. The degree of pigmentation was divided as far as 
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4. — X.'BVoicl tjT>o of maligiinnt molanomn. Ropional glanrls, altliough not 
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ilenn.s (to right). Patient alive after 10,^, years, x 00 
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Fi,-.. -.—Doubtful )c=..on of only moderately cellular ^.ndle-eell <;tructure u.tb 
arrangement m mtern oa^ mg sheaves. Patient alive after Sf, years. X 45. 
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possible into four grades, but no definite correlation ^vith prognosis- 
could be establisliod. 

An attempt was made to clns'^ify the tumours according to cell 
tj-pe but this proved to be by no means easy. They were grouped 
into round- (epithelioid-) cell, spindle-cell and mixed-cell types. The 
epithelioid-cell t\*pe appears to have the worst prognosis, but the 
series is too small to permit of reliable conclusions being drawn. 
In general, from a practical standpoint, grading on cell t^^ie by itself 
is probably of little value. In two varieties of cutaneous malignant 
melanoma, however, histological characters seem to be of importance 
in evaluating prognosis. The more important is the “ fibro- 
sarcomatous ” group of spindle-cell tumours. These, histologically, 
while undoubted!}' malignant, are relatively bland-looking as compared 
with the average malignant melanoma, suggesting a lower grade of 
malignancy. In the more typical examples (figs. 1-3) they are not 
particularly cellular, the cells being much elongated and arranged in 
whorls. Of the eight cases in this group, five were still alive 16j^ , 9. 
I5I, ” and jj years after operation and three had died after 7,”^ 
years (fi-om “ diffuse and multiple melanotic sarcoma ”), 6,| years 
(from “ old age ’’) and 2/_ years (from “ chronic nephritis ”). The 
prognosis was good, as only one case had apparently died from 
malignancy and then only after nearly 8 years survival. The other 
variety, the “ anaplastic ” group of nme cases, had, on the contrary, 
a bad prognosis. Five were dead with an average survival after 
operation of only years, the other four are recent cases. 

Depth of local cutaneous infiltration is probably of less value in 
prognosis than degree of cellularity and anaplasia, as very superficial 
tumours in this series have caused early death, while deeply infiltrating 
tumours of less cellular type (fig. 1) have resulted in long survival. 

DoTTB'mirnLY MALIGKAST SIELAITOSIATA OF THE SKIX OK w aw'rrs-n P.T.T. 

HOLES SHOWrXG TRA2fSITIOX:S TO iUAiaGSA3SrCY 

This group consists of 27 cases selected on purely histological 
grounds from those reported over the last 2.3 years as malignant 
melanomata or as nsevus-cell moles in which there was a considerable 
or even a strong suspicion of malignancy. The constitution of the 
group, classed on review as “ doubtful,” has already been described : 
25 of them have been followed up. 


Tabxe IV 

Age distribiiiwii at the time of operation in 27 cases of nwvus-cell moles 
regarded as showing transitions to malignancy 
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Age, distribution. This is shown in table IV. 

WhUe the lesion may occur at any age it was much more common 
in the younger age groups and gradually became infrequent in the 
older age groups. Forty per cent, were in children under the age of 12. 
This is in striking contrast to the malignant group (table I). 

Sex distribution. This is predominantly female — 20 females and 
7 males. 

Sites of occurrence. These are shown in the following hst. 



Male 

Female 

Face 

16 (59 per cent.) 

5 

11 

Trunk 

3 (11 ) 

1 


Lower limb 

7 (26 „ „ ) 

0 

7 

Site unknown 

1 (4 ., „ ) 

1 

0 



7 

20 


The face was thus much the commonest site, and the face and lower 
limb together made up 85 per cent, of the cases (59 per cent, on the 
face and 26 per cent, on the low^er Hmb as compared with 22 per cent, 
and 27 per cent, respectively in the frankly malignant group). 

Prognosis 

It is of great importance to Imow what the prognosis is likely 
to be in cases where the pathologist is undecided as to whether a 
mole is malignant or not. In this group, extending over a 23-year 
period, all but 2 of the 25 cases followed up were found to be ahve 
and well. One of the two patients who died was said to have been 
perfectly well 7^ years after excision of the lesion and died after 
8A years, at the age of 82. The cause of death could not be ascertained 
but it may well have been other than metastasis. The second patient, 
a woman of 68, died two months after removal of a lesion from the 
toe, apparently from cerebral thrombosis, and there was no sign of 
recurrence. In only one of the 23 surviving cases has there been local 
recurrence, namely, a child of 6 in which a nsevus of the conjunctiva 
recurred 6 years after excision; neither the initial lesion nor the 
recurrence was frankly malignant histologically. If cases prior to 
194r3 are taken, that is, those with a possibility of 5-year or longer 
survival, there are 14 cases and the average survival time to date 
is 10 years. 

Pathology 

Histologically (figs. 5-12), these cases cannot be passed over as 
simple nasvus-ceU moles nor can they be definitely classed as malignant. 
It must be the experience of most pathologists that there is a 
considerable group of intermediate cases of this kind, showing 
transitions between the simple nsevus cell and the malignant melanoma 




PEOOKOSIS IX MALIGNANT MELANOMA 


61 . » 


possible into four grades, but no definite correlation with prognosis 
could be established. 

An attempt was made to classify the tumours according to cell 
tj-pe but tliis proved to be by no means easy. They were grouped 
into round- (epithelioid-) cell, spindle-cell and mixed-cch tj’pes. The 
epithehoid-cell tj-pe appears to have the worst prognosis, but the 
series is too small to permit of reliable conclusions being drawn. 
In general, from a practical standpoint, grading on cell fy'pe by itself 
is probably of little value. In two varieties of cutaneous malignant 
melanoma, however, liistological characters seem to be of importance 
in evaluating prognosis. The more important is the “ fibro- 
sarcomatous ” group of spindle-cell tumours. These, liistologically, 
while undoubtedly malignant, are relativefy bland-looking as compared 
with the average malignant melanoma, suggesting a lower grade of 
malignancy. In the more typical examples {figs. 1-3) they are not 
particularly cellular, the cells being much elongated and arranged in 
whorls. Of the eight cases in this group, five were still ahve 16,^,, 9. 
1||, \l and years after operation and three had died after 
years (from “ diffuse and multiple melanotic sarcoma ”), years 
(from “ old age *’) and 2^ j'ears (from “ chronic nephritis ”). The 
prognosis was good, as only one case had apparently died from 
malignancy and then only after nearly 8 years survival. The other 
variety, the “ anaplastic ” group of nine cases, had, on the contrary, 
a bad prognosis. Five were dead with an average survival after 
operation of only If, years, the other four are recent cases. 

Depth of local cutaneous infiltration is probably of less value in 
prognosis than degree of ceUuIarity and anaplasia, as very superficial 
tumours in this series have caused early death, while deeply infiltrating 
tumours of less cellular type (fig. 1) have resulted in long survival. 


Doubtfxilly siaiuoxast melaxomata of the sktx ok XHrrtrs-CELE 

MOEES SHOWIXG TKAXSmOXS TO ilAEIGXAXCY 
This group consists of 27 cases selected on purely histological 
grounds from those reported over the last 23 years as malignant 
melanomata or as nffivus-cell moles in which there was a considerable 
or even a strong suspicion of malignancy. The constitution of the 
group, classed on review as “ doubtful.” has already been described : 
25 of them have been followed up. 


Tabij: IV 

Age distribution at the time of operation m 27 cases of nccvus-eell males 


Age periods 

09 

10-19 

20 29 

30-39 

40 49 

50-59 

60 69 

70-79 

S0-S9 

Xumber 

Yc 

9 

ungest 

o 

0 

f cj 

2 

2 

1 

1 

0 
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Age distribution. This is shown in table TV. 

While the lesion may occur at any age it was much more common 
in the younger age groups and gradually became infrequent in the 
older age groups. Forty per cent, were in children under the age of 12. 
This is in striking contrast to the malignant group (table I). 

Sex distribution. This is predominantly female — 20 females and 
7 males. 

Sites of occurrence. These are shown in the following list. 



Male 

Pemale 

face 

16 (59 per cent.) 

5 

11 

Trunk 

3 (11 „ „ ) 

1 


Lower limb 

7 (26 „ „ ) 

0 

7 

Site unknown 

1 (4 ) 

1 

0 




20 


The face was thus much the commonest site, and the face and lower 
limb together made up 85 per cent, of the cases (69 per cent, on the 
face and 26 per cent, on the lower limb as compared with 22 per cent, 
and 27 per cent, respectively in the frankly malignant group). 

Prognosis 

It is of great importance to know what the prognosis is likely 
to be in oases where the pathologist is undecided as to whether a 
mole is malignant or not. In this group, extending over a 23-year 
period, aU but 2 of the 25 cases followed up were found to be alive 
and well. One of the two patients who died was said to have been 
perfectly well 7j| years after excision of the lesion and died after 
8^ years, at the age of 82. The cause of death could not be ascertained 
but it may well have been other than metastasis. The second patient, 
a woman of 68, died two months after removal of a lesion from the 
toe, apparently from cerebral thrombosis, and there was no sign of 
recurrence. In only one of the 23 surviving cases has there been local 
recurrence, namely, a child of 6 in which a nsevus of the conjimctiva 
recurred 6 years after excision ; neither the initial lesion nor the 
recurrence was frankly mahgnant histologically. If cases prior to 
1943 are taken, that is, those with a possibility of 5-year or longer 
survival, there are 14 cases and the average survival time to date 
is 10 years. 

Pattiolog-y 

Histologically (figs. 5-12), these cases cannot be passed over as 
simple na 3 vus-cell moles nor can they be definitely classed as malignant. 
It must be the experience of most pathologists that there is a 
considerable group of intermediate cases of this kind, showing 
transitions between the simple naevus cell and the malignant melanoma 




J. I’ATII. llAri'.— Voi.. I,.\l 


Plate CXXI 


I’llOlINOSlS IN MALH-.NANT MKIANOMA 



Fir:. S. — Doubtful le-:ion, 
probably malignant. A 
lo«'-powor .ccction of 
tbo whole* lotion, allowing 
tbo cpllularity and deep 
downward c.vtension. 
Patient alive after ~-f~ 
years. X 15. 


Fig. 9. — Higher power 
view of downward ex- 
tension in fig. 8, showing 
the cellular pigmented 
masses invading the 
subcutaneous adipose 
tissue. X 65. 




Fig. 10. — Doubtful lesion, 
showmg solid alveolar 
groups of epithelioid 
cells and hea\'y pig- 
mentation, mainly mth- 
in phagocytes, on the 
deep aspect of the 
tumour (to right). 
Patient alive after 
years. x SO. 
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cell. It -was impossible to say in some -instances whether the lesions 
were in process of becoming malignant, or had, in fact, become carlj 
malignant melanomata. The diffieulty in diagnosis is certainly great, 
but ft is indeed striking that the cases picked out solely on histological 
grounds as doubtful or transitional should prove, when followed up, 
to have a long survival period, with no conclusive evidence of 
maligirancy. 

As far as could be gathered, superficial ulceration was present in only 
one of these 27 cases ; this contrasts with the malignant melanomata. 
the majority of which (70 per cent.) were ulcerated. Size is probably 
an important factor here, as the lesions in the doubtful group were 
all small. Pigmentation was not prominent. 19 being slightly, 7 
moderately and one heavily pigmented. Malignant melanoma is well 
known for the diverse cell patterns that it maj' assume, but this 
feature is even more noticeable in the doubtful group. Some of the 
lesions were entirely superficial, others extended rather deeply. 

No specific changes can be described whereby a simple nscNTis-ceU 
mole is so altered that it comes within the doubtful group, but in 
general the important changes are in the morphology and arrangement 
of the cells, which become irregular, hypierchromatic, and may be 
increased in size and assume an epithelioid character or may become 
spindle shaped. A solid alveolar grouping of large epithelioid cells 
and deep infiltration by anaplastic naevus cells are both of significance. 
The general nevoid character of the lesion is usually apparent, but 
not always, and this naavoid appearance is not infallible by itself, 
as one of the malignant group, while showing this feature (fig. 4), 
was otherwise ficankiy malignant. The regional glands from this 
case were removed a month later and, although they had not been 
palpable, showed infiltration of the peripheral sinuses by tumour cells ; 
the patient developed a local recurrence 2,t years later and died from 
generalised secondary deposits 2^ years after excision of the primary. 

It will be seen that while there is a gradual merging of the simple 
nsevus-cell mole with malignant melanoma, there is a substantial 
intermediate group, histologically doubtful, in which the prognosis is 
^ery good. While stressing this difficulty of histological diagnosis, I 
wish to point out that miless the lesion is frankly malignant on general 
histological grounds the prognosis in a large proportion of cases should 
he good. 

Treatment In all 27 cases in this group simple excision was the 
oidy treatnaent carried out. This proved to be adequate and there 
is no indication for prophylactic dissection of glands. As a precautionary 
measure, however, the patient should be examined periodically. 


Malignant mdaiioma in children 

It IS .veil ^own that in infants and children many of the moles 
rvlnch »re smd be histologicUy malignant prore 4 be olinieally 
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benign. As already mentioned, this has been recently emphasised by 
Pack et al. (1947&), who would classify their prepubertal melanomata 
separately, since, of 15 cases, none metastasised and aU survived 
indefinitely. Another recent paper by Spitz (1948), who also stressed 
this point, went further and considered whether there was any 
histological difference between the melanomata of children and adults ; 
it was concluded that, in most cases, differentiation could not be made 
with certainty. 

Of the total of 222 cases dealt with in this paper, 12 were under 
the age of 19 years, that is, children, as the range was year to 
11 years. Eleven of the lesions occurred on the face and one on the 
buttock. In Spitz’s series of 13 cases of childhood melanoma, five 
were on the face, one on the trunk, two on the upper extremity, 
and five on the lower extremity. In the present series 11 of the 12 
cases were followed up and all proved to be alive and well after 
intervals up to 22^^ years ; in only one was there recurrence, the 
child of 6 with a conjunctival lesion which recently recurred 6 years 
after excision. All but one of Spitz’s cases were ahve after intervals 
ranging up to 13 years ; the exception died from metastases. 

It is significant that in the present series of childhood lesions only 
one was considered franldy malignant histologically, the others being 
all in the doubtful or transitional group. 


Ocular maligkant mela^toma 

Of the 86 malignant melanomata of the eye 80 came from the 
Leeds General Infirmary during the period 1925-47, an average of 
3-5 cases per year. At Moorfields from 1871 to 1925 there was an 
average of 6 per year (Davenport, 1927). Eighty-four of the 86 cases 
have been followed up. The eye was enucleated in aU cases but one, 
in which a tumour of the iris was excised locally. 

Agz distHbution. These tumours seldom occur under the age of 20 
and the incidence in this series was liighest in the sixth and seventh 

Tabke V 


Age distribution at the time of operation in 86 cases of 
malignant melanoma of the eye 


Ago periods 

0-9 

10-19 

20-29 




60-69 

70-79 

80-89 

Number 

0 

0 


13 



23 

7 

— 

1 


Youngest 23 years, oldest 82 ; average 53-7 years 


decades. Callender ei ol. (1942, 1418 cases) found the greatest number 
of patients in the sixth decade and Benjamin et al. (1948, 248 cases) 
found an average age of 53-71 years. 












J. I'.VTH. ItALT.— Vcl.. l.XI 


I’l.ATi: CXXIT 


IN MAUIiNAVr Mr.lAMI'lA 


Fig. 11. — Doubtful lesion u-hich, although cellular and deeply infiltrating, was relatively 
bland-looking under higher magnification. Xo sign of recurrence after six months. 
XS. 




IG. 12. Doubtful lesion, showing fairly innocent -looking structure on right, mth 
more malignant -looking heavily pigmented solid alveolar tissue on left. The 
patient, a voman aged 68, died from cerebral tlirombosis two montlis after 
operation, x o.5. 
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Sex dislribidion. The lumoiTrs were of equal incidence in the two- 
fcexes, as was also found in 1550 cases by Callender cl at. 

Sites of occurrence. The commonest site is the choroid coat, with a 
few cases arising in the iris or ciliar}’’ body, or in various combinations 

Tahue 


Sifcs of 86 CG^cs of innlignant melanoma of the ajc 


SU<' 

1 

j Choroid 

i ! 

t 

1 

j Cilbr\ 

1 1 

Cltoroid 
tniS t B 

1 In> md f 

1 t. u j 

Orbit 

^ot 

known 

Xutnber * 

CG 

5 

1. 

3 

5 

1 

1 

1 



of these three sites. The case in which the tumour arose in the orbit 
was an encapsulated orbital melanoma, apparently primary, recorded 
by Foster in 1944. 

Bole of trauma. There was a history of trauma in only four cases. 
(4-7 per cent.). In one, the tumour was said to have followed a 
perforating wound of the eye by a needle. Another was interesting 
in that a foreign body had destroyed the sight of an eye. and 14 years- 
after the eye had been removed (it was not examined pathologically) 
the patient returned with a large melanomatous mass in the orbit. 

Cases coming to autopsy. Six cases were examined post mortem, 
of which three were of special interest. One was a case of diffuse 
meningeal melanoma secondary to a flat or diffuse malignant melanoma 
of the choroid ; visceral metastases were also present. The other 
two had secondary deposits in the skin following orbital recurrence 
after previous enucleation of the affected eye. Multiple generalised 
metastases were present in five cases ; the other, a patient aged 82. 
died ftom bronchitis. As in the skin cases, secondary deposits in the 
brain were common, occurring in three or possibly four of the five 
cases with metastases. 


Prognosis 

There were 56 cases with a possible 5-year survival and of these 
62-5 per cent, survived the 5 years and 21 were still alive The 
average survival period of this group, including those still afive 
was 7,‘i years at the time of foUow-up. 

The prognosis in malignant melanoma of the eye is good ■ in 
this series there seem 62-5 per sent, ot 5-year and 39-4 per cenl of 
W-year sumvals. Recent anthors have obtained oompamble figures. 
CaBender el o . in a large senes ot 500 maUgnant melanomata of the 

:^rot%STnJt' 

e, (1948) record the remarkable fignis'^rso-? ^rc tnt 

and 73-4 per cent, of IQ.year surviv?U per cent, of o-year 

almost solely on comn.mnc.tions srith 

T path BACT — VOL. 133 ^ dUU, clS> 
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the authors point out, hinge on the reliability of his method of 
follow-up. Considerably poorer results were recorded by Pack et al. 

Table VII 


Survival rate in malignant melanoma of the eye 


Survival period (years) . 

1 

2 

3 

4 


10 

15 

20 

No. of possible cases 

78 

72 

68 

65 

56 

33 

12 

3 

Percentage surviving 

93-6 

80-6 

691 

61*5 

62-5 

39-4 

41-7 

33-3 


(19476), who found 12-8 per cent, of 5-year survivals in 58 cases. Of 
earlier authors, Lawford and Collins (1890-93) recorded only 25 per cent, 
of 79 patients alive three years after enucleation of the affected eye. 

There was a slightly worse prognosis in the older age groups in 
this series, a larger percentage being dead, although fatal eases had 
approximately the same survival time in each age group. Recent 
authors have also found an increase in mortality with advancing age. 

Malignant melanoma of the iris is said to occur at an earlier age 
than melanoma of the choroid. Kronenberg (1938) found, in nine 
cases, an average age of 40-3 years as compared with 52-6 years for 
melanoma of the choroid and quotes Fuchs’s figures as 31 years for 
16 cases and 42-2 years for his whole series of uveal melanomata. 
Benjamin et al. recorded five cases with an average age of 50-4 years. 
In the five iris cases of the present series the average age proved to be 
higher than that of the choroidal melanomata, namely 66 years. The 
prognosis is said to be better than that of the choroidal tumours, 
probably because, by virtue of their site, they tend to be recognised 
earlier than other ocular melanomata. Four were treated by enuclea- 
tion of the eye and the other by local iridectomy. Only one patient, 
a man aged 76, has died, and then only after nearly 5 years’ survival, 
from a seizure , three have now survived more than 5 years. 
Callender et al. recorded only three deaths in 32 cases observed for 
5 years or longer. 

Only three cases of malignant melanoma of the ciliary body were 
available for study ; these showed no notable difference in age 
incidence or prognosis from the choroidal melanomata. 

Recurrence within the orbit following enucleation of an eye for 
melanoma occurred in seven cases (8-3 per cent.), after intervals 
ranging from 5 months to 6,% years. From the time of presentation 
at hospital with recurrence the patients lived an average of only l/g 
years and all died within 2 years. Four cases were treated by 
exenteration of the orbit, the other three by radiation only ; the 
prognosis proved uniformly bad. Subcutaneous deposits followed 
the orbital recurrence in two cases. Lawford and Collins in a series 
of 79 cases found local recurrence in seven (8-86 per cent.). 
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Causes of death. The number of fatal cases was 45 and, as in the 
skinmelanomata, the causes of death were analysed and the conclusions 
in table reached. If only cases with a possibility of 5 years* 
siuwival or longer are considered the i*esults are practically identical. 


Table ^^1I 

Anahjsis of causes of death in 45 fatal cases of 
malignant jnclanoma of the eye 


I Avcrace tuni\al 

Xo. of c-i'i ' I A\crac(' .icro at iloath aUcr ojKration 

(\car5) 


Total cases dead . . i 

1 45 

G2 

frk 

Probably dying of malignant 
melanoma 

' 32 (71 per cent.) 

CO 

3rV 

Probably not dying of 
malignant melanoma 

.. .. ) 

72 


Cause of death not known . 

i S(18 „ ) 

03 

3y’r 


Lawford and Collins found, in their follow-up of 79 cases, that 
40 were dead, 26 (65 per cent.) from metastasis, ■udth an average 
duration of life after operation of 2/. years. 

A o-year survival following enucleation of an eye for malignant 
me anoma is clearly too early to judge whether or not a patient is 
r?™ growth. Of the 56 cases followed for 5 years or more, seven 
e om metastases more than 5 years after enucleation of the eve, 
e onges mte^al being 10^ years. Cases have been recorded of 
pa len s eve oping metastases after even longer intervals in malignant 
me anorna o tie eie, but these are very rare. Cairns’s (1922-23) 
e IS o en quoted, where a deposit appeared in the scapula secondary 
“ "Tl IS 5'^^^ previously. It is therefore 

wTiPn +L than in the skin to fix any time limit 

lipino- considered to have a reasonable chance of 

shontl growth. Survival for 10 years without recurrence 

of their m^'ority of patients, give a very good chance 

to a^^L^ ^ growth ; Martin-Jones (1946) came 

from metn^f osion. In the present series only one patient died 
of the more than 10 years (at 10^ years) after enucleation 

stih aUvLfttr thirteen survived 10 years and nine were 

ame after periods up to 22y years 


™ “ melanoma of the eye does bear some 

descripS „? 1“’= « possible &om 

^ 4er tS"''r:;“n 3 rhadTb'“^^^^ As might be ejected, 
13 cases with a nos:;ihfl-t r "vrorst prognosis. There were 

po.ability of o years’ survival or longer where the 
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tumour occupied more than J of the globe on cross section, and of 
these only 5 (38 per cent.) survived 5 years or more : all are now dead. 
This figure of 38 per cent, compares with 77 per cent, for the smaller 
tumours (fig. 14) excluding the “ diffuse,” group. The “ diffuse ” 
malignant melanomata (fig. 15) infiltrate the uveal tract %vithout 
forming a definite tumour and have a bad prognosis ; according to 
Parsons (1905) they are rare, and extra-ocular extension occurs 
frequently and relatively early. There were six cases of diffuse 
melanoma in this series and all died from metastasis in an average 
period of 1)| years from the time of enucleation of the eye. This 
may be compared with an average of 3jt years for the whole series 
of deaths from metastasis in melanoma of the eye. Extra-ocular 
extension was present in five of the diffuse cases and the remaining (6th) 
case showed infiltration of the sclera by melanin-laden indeterminate 
cells, whether malignant or non-neoplastic macrophages it was 
impossible to say. 

Shape, apart from the diffuse type, whether flattened, nodular or 
“ keyhole,” did not appear to influence prognosis, nor did the presence 
or absence of breaching of the membrane of Bruch. 

Pigmentation was graded in the same way as in the sldn tumours, 
but in some cases grading was difficult owing to the degree of 
pigmentation differing in different parts of the growth (fig. 13). A 
better prognosis was apparent in the less pigmented tumours, as 
there were 86 per cent, of 5-year survivals in grade I (21 cases), com- 
pared TOth 38 per cent, in grades II (13 cases). III (10 cases) and 
IV (6 cases) combined (total 29 cases). McGregor and TTifl (1943) 
and Benjamin et al. (1948) also found a significantly lower mortality 
associated with low pigment content. 

Prognosis in malignant ocular melanoma in relation to cell type. On 
a basis of cell type Callender divided malignant melanoma of the eye 
into four categories, namely (1) spindle-cell types A and B, (2) fasci- 
cular tjTpe, (3) epithelioid-cell type and (4) mixed-cell type. All 
authors are agreed that there are spindle-cell, round-cell and mixed- 
cell types and I have found it difficult to go much beyond this 
simple classification with the material available. It will be seen 
from table IX that there is a significant difference between the 
epithelioid- and spindle-cell types in the number of 5-year survivals ; 
the epithelioid-cell type certainly appears to have the worst prognosis. 
Callender et al., who analysed the cell type in 500 cases followed 
5 years or longer, also found the epithelioid-cell type to be the most 
malignant, a finding on which, indeed, there is general agreement. 
Special grouping into anaplastic and fascicular (perithelial) t 3 q)es 
does not appear to be of great value, although the anaplastic type 
does seem to have a slightly worse and the fascicular type a slightly 
better than average prognosis. 

Extra-ocular growth was present in twelve cases (16 per cent.) 
and was associated with a high mortahty, all cases but one being 
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Plate CXXIH 


Pl!OGNO';lS IK MALIOKANT MEIAKOMA 



Fig. 13 . Malignant melanoma of eye almost filling the globe and showing patchy 
istri ution of pigment. Patient died from metastasis 2^^!- years after enucleation 
of the ej-e. x3-3. 



l-l- Small malignant melanoma of eye. Patient still alive 
after 14f- years, x 4. 
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Platk CXXI\ 


PkOC.NO'.Is in MVIK.N^NT Mir\Nf)'t\ 



Fio 15 — Diffuse tj-pe of malignant melanoma of eje, m\ohing choroid, ciliary bodj 
and ins, and showing an extra ocular deposit Patient died from metastasis 
It- jears after enucleation of the ejc. Y 7. 



. /:<- ' v/' " - y'' ' ■: 
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fatal on an average in IJJ years ; the exception (fig. 16) was still alive 
after 6jt years. Scleral infiltration itself, whether by definite 

Tabi^e DC 


Prognosis of nialignatit melanoma of the cue in relation to cell typo 



growth or b}' melanin-laden cells of indeterminate character, did not 
have such a uniformly bad prognosis as the cases with definite extra- 
ocular growth, but the prognosis was still bad. Where there is 
infiltration of the optic nerve without other evidence of spread the 
outlook would appear to be good. Two cases with infiltration of the 
optic nerve were ahve after 3/5 years and 4j^ years. A third died 
after four months but in this case extra-ocular growth was present 
in addition. Martin- Jones was also of the opinion that involvement 
of the optic nerve was not a bad prognostic sign *, of his eleven 
examples, only two died within 3 years and then also showed extra- 
ocular growth. It certainly appears that the factor responsible for 
early death in these cases is the extra-ocular extension. 


SuacviAKr 

This study is concerned with 222 cases of malignant melanoma of 
the eye, skin and mucous membranes and includes nsevus-cell moles 
of doubtful malignancy. The cutaneous and mucosal lesions were 
classified histologically into 109 malignant melanomata and 27 doubtful 
nsevus-cell moles. 

“liere was a 28*6 per cent. 5-year- and a 12-6 per cent. 10-year- 
survival rate in the malignant melanomata of the skin as compared 
with the much better prognosis in the eye cases of 62*5 and 39*4 per 
cent, respectively. 

,, ^^^S’^osis in the doubtful or transitional group is difficult, but 
e cases m which the lesions were so labelled histologically proved to 
indefinite survival and, while occurring at aU ages, were 

malicmaJt rrf children and the younger age groups. True 
p IS probably rare in children. 

of both^ten ^ groups in malignant melanoma 

bighermortaliHrfU^®’4.t^'^ ^ former, lesions on the trunk had a 
did not have a a melanoma 

to be invaded ea^rly ^^at the glands tend 
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Where the regional glands were found to be enlarged and invaded, 
either at the time of excision of the primary growth or later, simple 
excision of the glands proved to be of little value and more radical 
surgery was the only hope, as the average subsequent survival was 
only 1^ years and ten months respectively. In 73 foUowed-up cases 
the primary alone was excised and 36 per cent, developed either 
local recurrence (23 per cent.), enlarged metastatic regional glands 
(25 per cent.) or both, without other evidence of spread. These 
figures, together with the probability that in some cases the metastatic 
glands were the result of local recurrence, suggests that more cases 
might be saved if the primary growth was more widety excised. Wide 
excision of the primary is probably the most valuable measure in 
the treatment of malignant melanoma of the skin with non-palpable 
glands. In addition, wherever possible, the regional glands should be 
dissected out — preferably a month later — in all cases, although the 
prognosis without more radical surgery if they are found to be invaded, 
is as yet unpredictable. Cases in the doubtful group require only 
simple excision of the primary growth. 

If a patient with malignant melanoma of the skin survives for 
5 years after its excision, without glandular involvement or local 
recurrence, there is a good chance of his being entirely free from 
growth ; the corresponding period in the eye cases is 10 years. 

Trauma probably plays a definite part as an exciting factor in the 
iBtiolog}'' of some skin melanomata, especially those of the foot : 
in eye cases a history of trauma is infrequent. 

Two histological variants of skin melanoma, the fibrosarcomatous 
and the anaplastic, are recognised : they had better and worse than 
the average prognosis respectively. 

There is some correlation between size of tumour and prognosis 
in ocular melanoma ; the large tumours tend to have the worst 
prognosis, except that the diffuse melanoma of the uveal tract has 
also a poor prognosis. In the eye melanomata, higher mortality was 
apparent in the more deeply pigmented tumours and in those of 
epithehoid-ceU tjq)e. The average survival time in cases where the 
enucleated eye showed extra-ocular gro^vth was only lir years. 
Involvement of the optic nerve is not necessarily a bad prognostic 
sign. There was orbital recurrence in 8-3 per cent, of cases and the 
average survival period from the time of diagnosis was If, years. 

I am indebted to the honorary sta£f of the Leeds General Infirmary for 
permission to make use of their cases and to Professor M. J. Stewart for his 
interest and help. 
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The rabbits were anresthetised with Uembutal and ether and the fluid was 
injected into the trachea, after surgical exposure, with a syringe and a hypodermic 
needle of wide bore. During the injection and tuitil they had recovered 
consciousness, the rabbits were made to lie upon their right sides. When lesions 
were subsequently found in the lungs they were usually high up on the right 
side. In the case of the animals injected with their own amniotic fluid, the 
hysterectomy and the injection were carried out dining one and the same 
period of anaesthesia. 

In some of the earlier experiments the rabbits were killed by a blow on the 
neck, but this sometimes caused terminal aspiration of blood. Later the 
animals were all killed by an overdose of nembutal intravenously. 


Results 

Rabbit amniotic fluid experiments 

Rabbits injected with amniotic fluid from other rabbits. There were 
4 rabbits in this group, and they were lolled at intervals of 2-4 days 
after the injection. In two which had received 2 c.c. of sterile fiend 
no lesions were found. In one, killed 3 days after the injection of 
2 c.c. of fluid slightly contaminated with Staphylococcus aureus, there 
was collapse of the lung with macrophage and poljmiorphonuclear 
infiltration and perivascular lymphatic infiltration. In the fourth 
animal, killed 4 days after the larger injection of 5 c.c. of sterile fluid, 
there were small scattered areas of collapse with some macrophage 
and polymorphonuclear infiltration. 

Rabbits injected with their own amniotic fluid. There were 3 animals 
in this group, and a control injected with sterile normal saline. An 
animal which was lolled 2 days after the intratracheal injection of 
10 c.c. of its own sterile amniotic fluid showed fairly extensive sub- 
pleural collapse with some polymorphonuclear infiltration, some 
eosinophilic debris and nuclear remnants in the collapsed alveoli, 
and perivascular lymphocytic infiltration. The control animal, which 
received 10 c.c. of sterile 0-9 per cent, sodium chloride solution and 
was killed after 2 days, showed changes which were similar but less 
extensive and less severe. The similarity of the lesions is shown in 
figs. 3-6. In the lungs of 2 rabbits killed 3 and 4 days after receiving 
5 c.c. of their own amniotic fluid — sterile but slightly bloodstained — 
there -were only small inconspicuous areas of collapse with a few 
hEemosiderin-contaming macrophages. 

Htman amniotic fluid experiments 

Rabbit amniotic fluid was never obviously contaminated with 
meconium and contained less-cellular material than human. To 
study the effect of solid constituents, a series of rabbits was injected 
intratracheally with human liquor amnii. Some of the specimens of 
fluid were autoclaved to assure sterility, and, in some, artificial 
meconium staining was obtained by grinding up 0-3 g. of sterile 
human meconium in 15 c.c. of the sediment from a specimen of human 
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liquor amnii. Preliminarj’ experiments showed that sterile meconium 
was an irritant and would cause an abscess when injected sub- 
cutaneously. Of the various constituents of meconium which were 
tested by intratracheal injection, bile salts caused the most acute 
inflammatory reaction in the lungs, producing fatal pulmonary oedema 
with haemorrhage and leucocytic emigration. 

Hmnan amniotic fluid was injected intratracheally in 14 animals. 
Of these, 5 which received 2 c.c, of fluid free from cells and solid 
material, were killed from 3 to 14 days later. Although some of this 
fluid was contaminated with bacteria, changes in the lungs were slight 
or absent. When a lesion was found, it consisted of slight collapse 
and was associated with perivascular lymphocytic mfiltration. 

In a group of 3 animals, cells from human amniotic fluid were 
injected. In one case these were suspended in amniotic fluid ; in the 
other two, they were washed free from amniotic fluid with saline, 
and were suspended in saline. In aU three, sterility was obtained 
by autoclaving the material to be injected. The amount of fluid 
used ranged from 2 to 10 c.c., and the rabbits were kUled after intervals 
of 3, 4 and 9 days. After 3 and 4 days there was some polymorpho- 
nuclear infiltration. In aU of them the reaction, which was associated 
with collapse, showed many macrophages, some of which had coalesced 
to form foreign-body giant cells (fig. 7). 

The remaining 6 animals each received 2 c.c. of thick a mni otic 
deposit artificially stained with meconium and slightly contaminated 
with Gram-positive cocci and Gram-negative bacilli. The contamina- 
tion was thought to have occurred during the collection of the fluid. 
In an animal killed 10 hours after such an injection there was collapse 
of alveoli with abundant polymorphonuclear infiltration. Keratinised 
squamous cells were recognised in the alveoli (fig. 8) and there was 
perivascular lymphocjftic infiltration. In the animal killed after 5 
days the changes were stUl marked but now the keratinised cells had 
disappeared and many giant cells were present (fig. 9). There were 
also signs of absorption by lymphatics, as indicated by cellular 
mfiltration and dilatation of the sub-pleural lymphatics (fig. 10). 
The remaining animals were killed after 8, 11, 15 and 32 days. No 
keratmised cells could be found in the lungs, which showed gradual 
resolution of the inflammatory lesions, but even in the ammals kflled 
after 32 days small scattered areas of collapse with foreign-body 
giant cells could still be found on careful microscopic examination, 
and macrophages containing bile pigment were found in an area of 
IjTnphoid tissue. 


Discussiox 


The chief difficulty in interpreting these results is that observations 
upon he lungs of adult animals may not be applicable to the lungs 

ZuTl post-foetal life, fluid of even the most bland 

ature, although it is rapidly absorbed from the lungs (Courtice and 
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Phipps, 1946-4:7), seems to cause collapse and inflammation in propor- 
tion to the amount of fluid introduced. This is in accord with the 
findings of hliller et al. (1949) in dogs. Though these workers reported 
that rabbits showed little inflammatory response to saline, the rabbit 
injected with saline in the present series showed distinct changes. 

In the case of human amniotic fluid the cellular debris has an 
additional irritant effect and can induce a foreign-body reaction. 
The injected cells cease to be recognisable in the lungs in the course 
of about 5 days. The inflammatory changes generally are enhanced 
by meconium staining of the amniotic fluid. The presence of 
perivascular round-cell infiltration and of dilated sub-pleural lymphatics 
suggests that lymphatic absorption is invohmd in the removal of the 
amniotic material from the lungs. These lesions are usually not severe 
and resolve completely in a few weeks. They produce no obvious 
illness in the animal. 

The interest of these observations is in their relation to the lungs 
of the fostus in utero. The fmtal lung is certainly capable of an 
inflammatory response, as is proved by the presence of inflammatory 
areas in the lungs of some stillborn babies (MacGregor, 1939). It 
might reasonably be presumed that, unless there is some marked' 
difference between foetal and adult lungs, the inlialation of liquor 
amnii into the alveoli of the foetus would lead to a low-grade 
inflammatory response. If such inflammation were not very wide- 
spread the baby might show no clinical evidence of the lesion, which 
would disappear within the first few days or weelcs of life. If such 
inflammation were very extensive, the baby would be liable to die 
at birth so that the pulmonary lesions could be found microscopically. 
A search has been made for foreign-body giant-ceU reactions in the 
lungs of several hundred cases of stillbirth and neonatal death. Such 
a reaction is very rare, and it is not mentioned by Johnson and Meyer 
(1925), Farber and Sweet (1931), Helwig (1933), Waruuck (1934, 1937), 
MacGregor (1939), or Dick and Fund (1949), Since chronic reactions 
are not found, it seems probable that amniotic fluid enters the lungs- 
of the baby only when it is in distress. The acute reactions sometimes 
found in the lungs may well have developed during the course of a 
protracted labour. That the lungs of the newly born bab5'' are capable 
of a foreign-body reaction is sho^vn in fig.'ll. This presents a picture 
of multinucleated giant cells in the lung of an infant which survived 
for 4 days with many squamous cells in its alveoli. The rarity of such 
a finding indicates that few babies which have inhaled amniotic fluid 
survive for any length of time, and it seems probable that a baby 
inhales before birth only when it is in difficulties. 

Summary 

An inflammatory response occurs after the introduction of saline, 
rabbit amniotic fluid or human amniotic fluid into the lungs of adult 
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cell. It was impossible to say in some instances whether the lesions 
were in process of becoming malignant, or had, in fact, become early 
malignant melanomata. The difficulty in diagnosis is certainly great, 
but it is indeed strilving that the cases picked out solely on histological 
grounds as doubtful or transitional should prove, wlien followed up, 
to have a long survival period, with no conclusive evidence of 
malignancy. 

As far as could be gathered, superficial ulceration was present in onlj' 
one of these 27 cases ; this contrasts mth the mabgnant melanomata, 
the majority of which (70 per cent.) were ulcerated. Size is probably 
an important factor here, as the lesions in tlie doubtful group were 
all small. Pigmentation was not prominent, 19 being slightly, 7 
moderately and one heavily’ pigmented. Malignant melanoma is well 
known for the diverse cell patterns that it may assume, but this 
featiue is even more noticeable in the doubtful group. Some of the 
lesions were entirely superficial, others extended rather deeply. 

hlo specific changes can be described wherebj^ a simple nsevus-ceU 
mole is so altered that it comes within the doubtful group, but in 
general the important changes are in the morphology and arrangement 
of the cells, which become irregular, hyperchromatic, and may be 
increased in size and assume an epithelioid character or may become 
spindle shaped. A solid alveolar grouping of large epithelioid cells 
and deep infiltration by anaplastic nmvus cells are both of significance. 
The general naevoid character of the lesion is usually apparent, but 
not always, and this naevoid appearance is not infallible by itself, 
as one of the mabgnant group, while showing this feature (fig. 4), 
was otherwise fremkiy malignant. The regional glands firom this 
case were removed a month later and, although they had not been 
palpable, showed infiltration of the peripheral sinuses by tumour cells ; 
the patient developed a local recurrence 2,1; years later and died firom 
generalised secondary deposits 2^ years after excision of the primary. 

It will be seen that while there is a gradual merging of the simple 
ncSTUs-cell mole with malignant melanoma, there is a substantial 
intermediate group, histologicaUy doubtful, in which the prognosis is 
very good. While stressing this difficulty of histological diagnosis, I 
^s to pomt out that unless the lesion is firaiddy mabgnant on general 
o o^ca grounds the prognosis in a large proportion of cases should 


on! 4 - ^ cases in this group simple excision was the 

SSr adequate and there 

measure y dissection of glands. As a precautionary 

measure, however, the patient should be examined periofficaby. 


^lalignant mdanoma in children 

which ‘irc^ai^tnie* “oles 

ustologicaUy mabgnant prove to be cbnicaby 
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"benign. As already mentioned, this has been recently emphasised by 
Pack et al. (19476), who would classify their prepubertal melanomata 
separately, since, of 15 cases, none metastasised and all survived 
indefinitely. Another recent paper hy Spitz (1948), who also stressed 
this ^oint, went further and considered whether there was any 
histological difference between the melanomata of children and adults ; 
it was concluded that, in most cases, differentiation could not he made 
with certainty. 

Of the total of 222 cases dealt with in this paper, 12 were under 
the age of 19 years, that is, children, as the range was year to 
11 years. Eleven of the lesions occurred on the face and one on the 
buttock. In Spitz’s series of 13 cases of childhood melanoma, five 
were on the face, one on the trunk, two on the upper extremity, 
and five on the lower extremity. In the present series 11 of the 12 
cases were followed up and all proved to be alive and well after 
intervals up to 22^^ years ; in only one was there recurrence, the 
child of 6 with a conjunctival lesion which' recently recurred 6 years 
after excision. All but one of Spitz’s cases were alive after intervals 
ranging up to 13 years ; the exception died from metastases. 

It is significant that in the present series of childhood lesions only 
one was considered franldy malignant histologically, the others being 
all in the doubtful or transitional group. 


Octjlah malignant melanoma 

Of the 86 malignant melanomata of the eye 80 came from the 
Leeds General Infirmary dmring the period 1925-47, an average of 
3-5 cases per year. At Moorfields from 1871 to 1925 there was an 
average of 6 per year (Davenport, 1927). Eighty-four of the 86 cases 
have been followed up. The eye was enucleated in aU cases but one, 
in which a tumour of the iris was excised locally. 

Age distribution. These tumours seldom occur under the age of 20 
and the incidence in this series was highest in the sixth and seventh 

TABI.B "V 


Age distribution at the time of operation in 86 cases of 
malignant melanoma of the eye 


Age periods 

0-9 

10-19 

20-29 

30-39 

40-49 

50-59 

60-69 

70-79 

80-89 

Number 

0 

0 

2 

13 

10 

30 

23 

7 

1 


Youngest 23 years, oldest 82 ; average 53-7 years 


decades. Callender et al. (1942, 1418 cases) found the greatest number 
of patients in the sixth decade and Benjamin et al. (1948, 248 cases) 
found an average age of 53-71 years. 
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THE EEEECTS OE THE INTRODUCTION OE 
SmNIOTIC ELUID INTO RABBITS’ LUNGS 


A. H. CRmCJKSHAXK 

From the Department oj Pathology, University of Liverpool 

(Plates CXXV-CXXITII) 

That tlie foetus is capable of intercostal and diaphragmatic movements 
long before full term has been amply demonstrated in sheep and 
rabbits by the physiolo^cal studies of Barcroft and Barron (1936-3/), 
Posenfeld and Snyder (1935-36), Barcroft (1941) and others. Uiat 
true respiratory movements do occur in tiiero and cause amniotic 
huid to enter the lungs seems also to have been demonstrated by the 
hiunan experiments of Davis and Potter (1946), but, convincing as 
this rrork is, many who have studied the lungs of infants d3dng soon 
after birth still feel that such intra-uterine inhalation of liquor amnii 
must be abnormal. 

It is certainly difficult to believe that human amniotic fluid, 
which is often quite turbid owing to the presence of cells, hair and 
other debris from the skin of the foetus, should normally enter the 
foetal Ivmgs. Pig. 1 is a smear of the deposit which settled from a 
specimen of human amniotic fluid. A small bronchus with its lumen 
half fifled with keratinised squamous cells is shown in fig. 2. Even 
though such material should later be absorbed from the lung or 
otherwise disposed of, the presence of solid debris within the bronchi 
of an infant might be expected to lead for a time to incomplete 
expansion of the lungs after birth. 

The following study deals with the effects of the introduction of 
rabbit amniotic fluid and of human amniotic fluid into rabbits’ lungs. 


itETHOnS 

AMUotie fluid was collected with sterile precautions from rabbits killed 
late in pregnancy, or at hysterectomy on a pregnant rabbit into whose lungs 
the nuid was subsequently to be introduced. It was difficult to collect the 
amriiotic flxiid completely free from blood in these experiments. The sterility 
o the fluid was checked by culture of a 1 c.c. sample in nutrient broth for ^ 
lours. Rabbit amniotic fluid was found to be much less turbid than human 
anc on j \ eiy few squamous cells could be found in it. Human amniotic fluid 
uns o tamed by puncture of the membranes in parturient women, or by 

paracentesis m cases of bydramnios. 
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The rabbits were anaesthetised ndth Nembutal and ether and the fluid was 
injected into the trachea, after surgical exposure, with a syringe and a hypodermic 
needle of wide bore. During the injection and until they had recovered 
consciousness, the rabbits were made to lie upon their right sides. TlTien lesions 
were subsequently found in the lungs they were usually high up on the right 
side. In the case of the animals injected with their o%vn amniotio fluid, the 
hj'sterectomy and the injection were carried out diuing one and the same 
period of anaesthesia. 

In some of the earlier experiments the rabbits were killed by a blow on the 
neck, but this sometimes caused terminal aspiration of blood. Later the 
animals were all killed by an overdose of nembutal intravenously. 


Results 

Rabbit amniotic fluid experiments 

Rabbits injected with amniotic fluid from other rabbits. There were 
4 rabbits in this group, and they were killed at intervals of 2-4 days 
after the injection. In two which had received 2 c.c. of sterile fluid 
no lesions were found. In one, killed 3 days after the injection of 
2 c.c. of fluid slightly contaminated with Staphylococcus aureus, there 
was collapse of the lung with macrophage and polymorphonuclear 
infiltration and perivascular lymphatic infiltration. In the fourth 
animal, killed 4 days after the larger injection of 5 c.c. of sterile fluid, 
there were small scattered areas of collapse with some macrophage 
and polymorphonuclear infiltration. 

Rabbits injected with their own amniotic fluid. There were 3 animals 
in this group, and a control injected with sterile normal saline. An 
animal which was Idlled 2 days after the intratracheal injection of 
10 c.c. of its own sterile amniotic fluid showed fairly extensive sub- 
pleural collapse with some polymorphonuclear infiltration, some 
eosinophilic debris and nuclear remnants in the collapsed alveoli, 
and perivascular lymphocytic infiltration. The control animal, which 
received 10 c.c. of sterile 0-9 per cent, sodium chloride solution and 
was killed after 2 days, showed changes which were similar but less 
extensive and less severe. The similarity of the lesions is shown in 
figs. 3-6. In the lungs of 2 rabbits killed 3 and 4 days after receiving 
6 c.c. of their own anmiotic fluid — sterile but slightly bloodstained — 
there were only small inconspicuous areas of collapse with a few 
haamosiderin- containing macrophages. 

Human amniotic fltdd experiments 

Rabbit amniotic fluid was never obviousty contaminated with 
meconiiun and contained less-cellular material than human. To 
study the effect of sohd constituents, a series of rabbits was injected 
intratracheally with human liquor amnii. Some of the specimens of 
fluid were autoclaved to assure sterility, and, m some, artificial 
meconium staining was obtained by grinding up 0-3 g. of sterile 
human meconium in 15 c.c. of the sediment from a specimen of human 
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liquor amnii. Preliminarj’^ experiments showed that sterile meconium 
was an irritant and would cause an abscess when injected sub- 
cutaneously. Of the various constituents of meconium which were 
tested by intratracheal injection, bile salts caused the most acute 
inflammatory reaction in the lungs, producing fatal pulmonary oedema 
with hsemorrhage and leucocytic emigration. 

Human amniotic fluid was injected intratracheaUy in 14 animals. 
Of these, 5 which received 2 c.c. of fluid free from cells and solid 
material, were killed from 3 to 14 days later. Although some of this 
fluid was contaminated with bacteria, changes in the lungs were shght 
or absent. When a lesion was found, it consisted of slight collapse 
and was associated with perivascular lymphocytic infiltration. 

In a group of 3 animals, cells from human amniotic fluid were 
injected. In one case these were suspended in amniotic fluid ; in the 
other two, they were washed free from amniotic fluid with saline, 
and were suspended in saline. In all three, sterility was obtained 
by autoclaving the material to be injected. The amount of fluid 
used ranged from 2 to 10 c.c., and the rabbits were Idlled after intervals 
of 3, 4 and 9 days. After 3 and 4 days there was some polymorpho- 
nuclear infiltration. In all of them the reaction, which was associated 
with collapse, showed many macrophages, some of which had coalesced 
to form foreign-body giant cells (fig. 7). 

The remaining 6 animals each received 2 c.c. of thick amniotic 
deposit artificially stained with meconium and slightly contaminated 
with Gram-positive cocci and Gram-negative bacilli. The contamina- 
tion was thought to have occurred during the collection of the fluid. 
In an animal killed 10 hours after such an injection there was collapse 
of alveoli with abundant polymorphonuclear infiltration. Keratinised 
squamous cells were recognised in the alveoH (fig. 8) and there was 
perivascular lymphocytic infiltration. In the animal killed after 5 
days the changes were still marked but now the keratinised cells had 
disappeared and many giant cells were present (fig. 9). There were 
also si^s of absorption by lymphatics, as indicated by cellular 
infiltration and dilatation of the sub-pleural lymphatics (fig. 10). 
The remaining animals were killed after S, 11, 15 and 32 days. No 
keratumed cells could be found in the lungs, which showed gradual 
resolution of the mflammatoiy lesions, but even in the animals kill ed 
^ after 32 days small scattered areas of collapse with foreign-body 
giant cells could stiU be found on careful microscopic examination, 
an macrophages containing bile pigment were found in an area of 
l3nnpnoid tissue. 


Discussiox 

^ interpreting these results is that observations 
nf ■fro+ adult animals may not be applicable to the lungs 

Tin+nro^ post-foetal life, fluid of even the most bland 

, although it is rapidly absorbed from the lungs (Courtice and 
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Phipps, 1946-47), seems to cause collapse and inflammation in propor- 
tion to the amount of fluid introduced. This is in accord with the 
findings of Miller et al. (1949) in dogs. Though these workers reported 
that rabbits showed little inflammatory response to sahne, the rabbit 
injected with saline in the present series showed distinct changes. 

In the case of human amniotie fluid the cellular debris has an 
additional irritant effect and can induce a foreign-body reaction. 
The injected ceUs cease to be recognisable in the lungs in the course 
of about 5 days. The inflammatory changes generally are enlianced 
by meconium staining of the amniotie fluid. The presence of 
perivascular round-cell infiltration and of dilated sub-pleural lymphatics 
suggests that lymphatic absorption is involved in the removal of the 
amniotie material from the lungs. These lesions are usually not severe 
and resolve completely in a few weeks. They produce no obvious 
illness in the animal. 

The interest of these observations is in their relation to the Imigs 
of the foetus in ute.ro. The foetal lung is certainly capable of an 
inflammatory response, as is proved by the presence of inflammatory 
areas in the lungs of some stillborn babies (MacGregor, 1939). It 
might reasonably be presumed that, unless there is some marked 
difference between foatal and adult lungs, the inhalation of liquor 
amnii into the alveoli of the foetus would lead to a low-grade 
inflammatory response. If such inflammation were not very wide- 
spread the baby might show no clinical evidence of the lesion, which 
would disappear within the first few days or weeks of life. If such 
inflammation rvere very extensive, the baby would be liable to die 
at birth so that the pulmonary lesions could be found microscopically. 
A search has been made for foreign-bod3»^ giant-cell reactions in the 
lungs of several hundred cases of stillbirth and neonatal death. Such 
a reaction is very rare, and it is not mentioned by Johnson and Meyer 
(1925), Tarber and Sweet (1931), Hehvig (1933), Wanvick (1934, 1937), 
MacGregor (1939), or Dick and Fund (1949), Since chronic reactions 
are not foflnd, it seems probable that amniotie fluid enters the lungs 
of the baby onty when it is in distress. The acute reactions sometimes 
found in the lungs may well have developed during the course of a 
protracted labour. That the lungs of the newly born baby are capable 
of a foreign-body reaction is shown in fig. 11. This presents a picture 
of multinucleated giant cells in the lung of an infant which survived 
for 4 days with many squamous cells in its alveoli. The rarity of such 
a finding indicates that few babies which have inhaled amniotie fluid 
survive for any length of time, and it seems probable that a baby 
inhales before birth only when it is in difficulties. 


SuMiiAny 

An inflammatory response occurs after the introduction of saline, 
rabbit amniotie fluid or human amniotie fluid into the lungs of adult 
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Plate CXXV 


Amniotic riATii IX i.fxr.s 



Fig. 1. — Film of deposit ivhich Fig. 2. — Squamous cells in the lumen of a small bronchas 
settled from human amniotic in a stillborn infant. Htematowlin and eosin. x 65. 

fluid. Gentian violet, x 140. 



Fig. 3. — Collapse of lung following the rntrodtrction of the rabbit’i 


amniotic fluid. H. and E, x 170. 
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AMNIOTIC FI,A'in IX l.VXCS 



Fig. 7. — Foreign-body giant-cell reaction 9 days after the introduction of 
washed amniotic deposit. H. and E. y. 170. 



#*gCi 

fit.. S.— Keratinous squamous cells in a rabbit’s lung 10 hours after the 
introchiriion of human amniotic fluid. H. and E. xS.jO. 
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Plate CXXVIII 


AMNU)TIC ILUID IN LUNt.b 



Fjq_ g. Foreisn body reaction 5 days'after the introduction of human 

amniotic fluid into a rabbit’s Iimg. H. and E. X 1”0. 



H<.. 10. follap'O of lung and dilatation of sub- Fig. 11. — Foreign-bod\ giant-cells m the lung of 
pleural I\ inphatics ; same lung ns in fig. 9. H. an infant •which =ur\-ived for 4 days with much 

^ and E. X loO. amniotic debris m its lungs. H. andE. x5S5. 
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rabbits. If keratinised cells are present a foreign-body reaction results. 
It is concluded that it is abnormal for amniotic fluid to enter the 
lungs of the fcetus. 

Jly thanks are due to the staffs of the Aberdeen Maternity Hospital and of 
the Liverpool Maternity Hospital for samples of amniotic fluid ; to Sir F, 
Beckwich and Jlr K. Mowat for photomicrographs and teclinical assistance. 
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A CASE OF INTRACEREBRAL XANTHOSIATOSIS 
WITH PITUITARY im^OLVEJIENT 

R. J. R. CXTKEXON 

From the Department of Pathology, St Bartholomews Hospital 
Medical College, London. 

(PiATES CXXIX-CXXXI) 

It is -well known that the histological picture of xanthomatous lesions 
may vary considerably. The proportion of lipoid and granulomatous 
tissue, for instance, largely depends on the age of the lesions. When 
the lesions have been stuped in their early stages the granulomatous 
reaction has been found hut little or no lipoid deposit (Freund and 
Ripps, 1941 ), The granulomatous and more especially the fibroblastic 
reaction predominates too in very old lesions and occasionally tumour- 
Uke nodules are formed which are essentially fibrous in nature, with 
little remaining lipoid. The amount of eosinophil-ceU infil tration also 
varies considerably and all grades of transition have been found 
between typical xanthomatous lesions in bones and so-called eosino- 
philic granulomata (Green and Farber, 1941 ). 

Free cholesterol crystals are often liberated into the tissues in. 
xanthomatous lesions, but ftom accounts in text-books and published 
articles, it would appear that this is of infirequent occurrence in the 
lesions of the Hand-SchuUer-Christian syndrome. The following 
loanee illustrates among other things the varied histological picture 
that may sometimes be encountered, even in a single ease. 


Case bepoet 

Clinical history 

vr ^ aged 17 years at the time of his death on 19.2.47. 

as^ U V. u^al diphtheria at the age of 34 years and measles and ruheUa 

nna killed during the war : his mother and three brothers 

and sisters are alive and weU. 

histo^^f^ Bartholomew’s Hospital on 4.9.43, with one year’s 

of an' hni unconsciously at night and polyuria every three-quarters 

He had hn 1 day. Polydipsia also had been present for one year, 

lasted about headaches at about weekly intervals for some years. These 

hd lav trno „ ^ j tenmnated after vomiting. On examination a slight 

.There was no exophthalmos. 

suSerina from patient was investigated and considered to he 

labetes insipidus. He was treated with pitressin tannate 
^ rirH.i„„-TOL.rM 533 
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iniections with improvement. The frequency of micturition, originally 
D/N = 20/30, improved to 3/0, but the headaches were unaffected. 

On 11.9.44 he was readmitted for investigation by the neuro -surgical unit. 
The condition had relapsed somewhat. On examination he was thin, pale, 
intelligent and co-operative. Vision, hearing, concentration and memory were 
normal. The pulse, 62 per min., was normal. B.P. 110/70. Thyroid not 
palpable. Heart, lungs and abdomen normal. Urine, S.G. 1012. C.N.S., no 
gross changes. No swelling of discs. Slight weakness of 7th right cranial 
nerve. C.S.F. and X-ray of skull and pituitary fossa normal. Electro- 
encephalogram somewhat abnormal for age, but no focus of abnormality. 
Pneumo -encephalography showed no sign of intracranial tumour. 

He was discharged in a stationary condition on 24.9.44 and during 1945 
he was seen periodically as an out-patient. In April 1945 he complained of 
lassitude and poor appetite. Later this became severe ; he lost much weight 
and was thought to be developing Simmonds’s Disease. 

On 16.2.46 he was readmitted with these symptoms and the following 
investigations were performed, with the residts shown : — ^Hasmoglobin 86 per 
cent. Plasma proteins ; albumin 4-2 g., globulin 2-05 g. per 100 c.c. Blood urea 
42 mg. per 100 c.c., Wassermann reaction of blood negative. Serum calcium 
10 mg. per 100 c.c. Plasma chlorides 648 mg. per 100 c.c. Cholesterol estima- 
tions not performed. 

X-ray examination of the chest, slcull and seUa turcica, often repeated, 
was always normal, of the elbows, wrists and hips, normal for the age. During 
this period of hospitalisation he was taken off pitressin, which led to considerable 
polyuria (average 3000 c.c. per day), but the specific gravity of some specimens 
was considered greater than one would expect in diabetes insipidus. Restricted 
fluids caused dehydration, hamoconcentration and emaciation, without 
corresponding changes in the specific gravity of the urine. He was discharged 
on 21.4.46. 

On 27.11.46 he was readmitted with failing vision in the left eye and drooping 
of the left eyelid. Ptosis was marked and there was weakness of left 3rd cranial 
nerve. He was blind in the left eye and there was a suggestion of proptosis. 
Both discs were pale. Oliguria was present, with headaches and drowsiness. 
The sella turcica was still normal. 

On 29,1.47 he complained of failing vision in the right eye and was given 10 
days’ treatment with deep X-rays to the pituitary fossa, but the condition gradu- 
ally deteriorated until his death on 19.2.47. He had lost weight steadily during 
the later stages of his illness— from 5 st. 1 lb. (32-2 kg.) in May 1946 to 4 st. 1 lb. 
(25-8 kg.) in January 1947. 

Post-mortem findings (20.2.47) 

The body was that of a grossly wasted adolescent male subject. 
The skin was dry and soft in texture ; the hair, fine and dry, puUed 
out easily. The face had a somewhat senile appearance. The mucous 
membranes were rather pale. 

iSeroMS sacs normal. Tonsils zheent. Thyroid {15 g.). A relatively 
small left lobe ; cut surface showed abundant colloid. Lymph nodes 
everywhere normal in size and appearance. Alimentary canal and 
main air passages normal. 

Lungs (right, 435 g. ; left, 210 g.). Both were the seat of well 
marked atrophic emphysema. The right lower lobe showed patches 
of early bronchopneumonia and the finer bronchi and bronchioles 
exuded pus. 
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Fio. 1. — Slice of brain 
“howang \anthomntoiis 
tissue infiltrating the 
region of the anterior 
commi'isure and lateral 
\ entriclcs:. 









i^thaoerebual xanthomatosis -.35 

Heart (110 g.) and liver (GGO g.), well marked brown atrophy. 
Spleen (40 g ) simple atrophy. Adrejiah (5 g. together), normal apart 
from atrophy! Kidneys (right, 80 g. ; left, 7.1 g.). Capsules stripped 
easily, leaving surfaces vhich showed i^ersistent foetal lobulation. 
Cut surfaces normal. Bladder, prostate and seminal vesicles normal, 
Testes small in sme and normal on section. 

Bones. Rit^ht fenmr, sternum and vertebras showed normal bone 
g^^Yictnre with no sign ot xanthomatous deposits. The femoral marroii 
showed gelatinous degeneration. The skull presented a normal 
0\'0i’\r\^herO except on the dorsum sella?, nliere the duia 
showed some localised granulations and was adherent to the bone. 
The orbits showed no sign of xanthomatous deposits. 

Voluntary muscles everywhere appeared atrophied and dark bromi 
in colour. 

Brain (1250 g.). This showed some flattening of the convolutions 
and some surface oedema. Serial section revealed, in the region of 
the hypothalamus, an infiltration by yellowish tissue causing some 
local destruction of both grey and white matter. Anteriorly (fig. 1) 
this tissue had infiltrated beyond the anterior commissure, superiorly 
it partially infiltrated the thalamic nuclei and to a slighter extent 
the caudate and lentiform nuclei. The floor of the third and lateral 
ventricles (fig. 2), aqueduct and fourth ventricle was carpeted by this- 
tissue. Inferiorly it permeated the infundibulum, the optic chiasma 
and the adjacent left optic nerve. The dural roof of the sella turcica 
was mfiltrated and the pituitary gland partially destroyed by similar 
tissue. The choroid plexus, beneath the ependymal involvement, 
appeared normal, as did the brain stem and cerebellum. 


Histology 

The heart, liver and quadriceps femoris musde present the appear- 
ances of brown atrophy. The spleen, shows simple atrophy, the hidneys 
cloudy and autolytic change in the first convoluted tubules. The 
lower lobe of the right lung is the seat of marked hypostasis, much 
emphysema and a mild grade of bronchopneumonia. The thyroid 
acini are weU filled with the resting type of colloid. There are no 
pathological changes. Pancreas and prostate normal. The testes show 
no gross architectural change, but there is a definite thickening of 
the basement membrane, very infrequent mitoses in the spermatocyte 
stages and mature spermatozoa are \irtually absent. Tho femur shows 
no sign of xanthomatous tissue, but the fatty marrow is everywhere 
the seat of gelatinous degeneration. 

Brain. The xanthomatous tissue has replaced much of the brain 
tissue in the region around and particularly below the aqueduct of 
Sylvius. It presents a granulomatous appearance, with a network of 
reticulin (fig. 3) and fine collagen fibrils spreading out from the blood 
vessels. Infiltrating ceUs are of many types — ^masses of small round cells, 
’ — -v.ua 2 ji2 
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probably microglial, larger pale eosinopliilic cells of the “ gemastete ” 
type of glial phagocytes, eosinophil granulocytes, together with 
infrequent poljnnorphs and large mononuclear cells. _ Perivascular 
cuffing by Ij’^mphocytes is prominent at the periphery of the infiltrations, 
and in the contiguous brain tissue the nerve cells are in varying stages 
of degeneration. 

Everywhere throughout the lesions are innumerable extracellular 
clefts where cholesterol crystals have been dissolved out of the section 
(fig. 5) ; these crystals have caused a striking foreign-body giant-cell 
reaction. In some sections aggregations of foamy cells are seen (fig. C), 
but in general these are inconspicuous. Eat staining (Scharlach R) 
reveals abundant droplet deposits, both intra- and extracellular. 
Much of this fat is doubly refracting, and some of the droplets show 
the maltese-cross appearance of cholesterol esters in the fluid crystalline 
phase (fig. 4). Mallory’s phosphotungstic acid-hEematox3^1in stain 
reveals a little ghal reaction in some parts of the xanthomatous tissue. 
This, however, is not a prominent feature, though the vascular colla- 
genous granulation tissue is permeating into the brain tissue. 

Sections of portions of the brain other than those seen to be 
affected naked eye, including cerebellum, pons and cerebral cortex, 
show no pathological change apart from prominent brown-atrophy 
pigmentation. 

The pihdtary gland (fig. 7) is infiltrated by similar granulation tissue, 
and by cells which include large mononuclears, lymphocytes, innumer- 
able eosinophils (fig. 8) and a number of large phagoc;^ic cells containing 
fat vacuoles. Occasionally these are binucleate. Typical foamy cells, 
however, are virtually absent and cholesterol crystals are not seen. 
The infiltration has destroyed the whole of the pars posterior and a 
very small part of the adjacent pars anterior and has affected much 
of the dural capsule. The chromophobe, eosinophil and basophil cells 
of the pars anterior appear to be present in normal proportions. 

The optic chiasma and left optic nerve are infiltrated by similar 
tissue, though the right optic nerve shows no infiltration. 

Sphenoid bone. A small localised area in the dorsum seUae shows 
the marrow in the medullary spaces to be replaced by xanthomatous 
tissue, wliich, however, appears to be less cellular than that in the 
sites already mentioned. 


Chemical examination 

Xanthomatous material was scraped from the brain substance 
after long formalin fixation and submitted to chemical analysis with 
the following results : — 

Total cholesterol . . . . 16-2 per cent, of dry weight. 

Free cholesterol .... 4-55 „ „ 

Cholesterol ester . . . . 10-65 ,, ,, „ „ 

Ratio of free cholesterol to cholesterol ester = 1 ; 2-3 
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probably microglial, larger pale eosiaophilio cells of tbe “ gemastete ” 
type of gUal phagocytes, eosinophil granulocytes, together with 
infrequent polymorphs and large mononuclear cells. ^ Perivascular 
cuffing by lymphocytes is prominent at the periphery of the infiltrations, 
and in the contiguous brain tissue the nerve cells are in varying stages 
of degeneration. 

Everywhere throughout the lesions are innumerable extracellular 
clefts where cholesterol crystals have been dissolved out of the section 
(fig. 5) ; these crystals have caused a striking foreign-body giant-cell 
reaction. In some sections aggregations of foamy cells are seen (fig. 6), 
but in general these are inconspicuous. Eat staining (Scharlach R) 
reveals abundant droplet deposits, both intra- and extracellular. 
Much of this fat is doubly refracting, and some of the droplets show 
the maltese-oross appearance of cholesterol esters in the fluid crystalline 
phase (fig. 4). Mallory’s phosphotungstic acid-hsematoxylm stain 
reveals a little glial reaction in some parts of the xanthomatous tissue. 
This, however, is not a prominent feature, though the vascular colla- 
genous granulation tissue is permeating into the brain tissue. 

Sections of portions of the brain other than those seen to be 
affected naked eye, including cerebellum, pons and cerebral cortex, 
show no pathological change apart from prominent brown-atrophy 
pigmentation. 

The pituitary gland (fig. 7) is infiltrated by similar granulation tissue, 
and by cells which include large mononuclears, lymphocytes, innumer- 
able eosinophils (fig, 8) and a number of large phagoo^ic cells containing 
fat vacuoles. Occasionally these are binucleate. Typical foamy cells, 
however, are virtually absent and cholesterol cry^stals are not seen. 
The infiltration has destroyed the whole of the pars posterior and a 
very small part of the adjacent pars anterior and has affected much 
of the dural capsule. The chromophobe, eosinophil and basophil cells 
of the pars anterior appear to be present in normal proportions. 

The optic chiasma and left optic nerve are infiltrated by similar 
tissue, though the right optic nerve shows no infiltration. 

Sphenoid bone. A small localised area in the dorsum seUae shows 
the marrow in the mediiUary spaces to be replaced by xanthomatous 
tissue, which, however, appears to be less cellular than that in the 
sites already mentioned. 


Chemical examination 

Xanthomatous material was scraped from the brain substance 
after long formalin fixation and submitted to chemical analysis with 
the following results : — 

Total cholesterol . . . . 15'2 per cent, of dry’’ weight. 

Free cholesterol .... 4-55 „ „ „ „ „ 

Cholesterol ester .... 10-65 „ „ „ 

Ratio of free cholesterol to cholesterol ester = 1 : 2-3 
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pitiiitaiw" from oontro' in the hrain or hv do^tiuetion of tlio centres 
thonwelve^. or both, nejiletion of ehionioiihil colli-, jiaiticulnrlj' 
t^sinophils, it, {),(, antciior ha-' been observed in eai-es of pitnitarj" 
ettchexia. but although e.\ten''ivo count'- wore not jierformccl. the 
seteral histological section'- of tho gland imvoaled chroinophil cells in 
approximately normal propoitions (ehromo]ihobe cells ott per cent., 
eosinophil cells 2S per cent., bii'-onhil eolK Kl per cent, in a count of 
1000 cells). 

The classical triad of the Hand-Schullcr-Christian syndrome can 
hardly be recognised in this case. True, tow ards the end of the disease 
3 clinical note was made of a .suggestion of jiroptosis in one eye, but at 
post -mortem, careful search failed to reveal any' intra-orbital deposits 
Or bony defect in the orbital region. Repeated X-ray examination 
° the skull and post-mortem examination failed to show any bony 
ofects except for the rninuto area, already mentioned, in the extreme 
^PPer end of the dorsum sclhc. Tliis was intimately related to the 
'iral mfilttation around the pans posterior of the pituitary. 

Diabetes insipidus therefore appears to be the only well-developed 
eatitte of the syndrome in this case, and although the specific gravity 
0 the urine at times caused some doubt as to the diagnosis, never- 
6 ess, according to Thannhauser (1940, p. 141), high figures have 
equently been found in eases of iabetes insipidus and xanthoma 
disseminatum ^^;hcre bony changes were absent. The anatomical 
locahsation of the esions leaves little doubt that diabetes insipidus 
existed, and that tlm ease is one variety of Hand-Schuller-Christian 

ease, w c , as enschon (1931) has pointed out, shows several 
clinical varieties. ^ 

The numerous eosmophlk umong the infiltrating cells, particularly 
well seen in the pituitary, w-hcre ^ -j. ^ a, ^ i ^ 

are a feature which is occasionallvt. w were extremely scanty, 

in Hand-Schuller-Christian disease doposits 

ase. Eosmophihe granulomata without 
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Discrssiox 


This case presents a number of interesting and unusual feature.'. 
The clinical signs of pituitary cache.via (nnorc.xia. lassitude, low body 
tcm 2 )cratnre and .steady los.^ of weight) in a patient already thought 
to have a pituitary lesion, supported by the post-mortem finding.s of 
wasting, an appearance of senility, .skin and hair changes and atrophy 
of organs including the endocrine glands, were at first sight difficult 
to fit in with the degree of involvement of the pituitary gland. 
However, cases of Sinimonds's disease have been recorded with the 
responsible lesions situated in the pars posterior, the pituitary stalk 
or the brain itself. For instance, a cyst in the posterior lolx; was 
described by Riccker and Curtis (19H2). a gumma in the stalk by 
Jafie (1922), and .several tumours in the infundibular region of the 
brain have also been recorded. Tt seems, therefore, that the cache.via 
may have been produced by a pathological separation of the anterior 
pituitarj* from centres in the brain or by destruction of the centres 
themselves, or both. Depletion of chromophil cells, particularly 
eosinophils, in the pars anterior has been ob'en-ed in cases of pituitary 
cachexia, but although extensive counts were not performed, the 
several histological sections of the gland revealed chromopliil cells in 
approximately normal proportions (chromophobe cells 59 per cent., 
eosinophil cells 2S per cent., basophil cells 13 per cent, in a count of 
1000 cells). 


The classical triad of the Hand-Schuller-Christian s\Tidrome can 
hardly be recognised in this case. True, towards the end of the disease 
a clinical note was made of a suggestion of proptosis in one eye, but at 
post-mortem, careful search failed to reveal any intra-orbital deposits 
or bony defect in the orbital region. Repeated X-ray examination 
of the skull and post-mortem examination failed to show any bony 
defects except for the minute area, alreadj- mentioned, in the extreme 
upper end of the dorsum sellEe. This was intimatelj- related to the 
dural infiltration around the pars posterior of the pituitary. 

Diabetes insipidus therefore appears to be the only well-developed 
feature of the sjmdrome in this case, and although the specific gravity 
of the urine a^^ times caused some doubt as to the diagnosis, never- 
theless, accordmg to Thannhauser (1940, p. 141), high figures have 
frequently been found in cases of diabetes insipidus and xanthoma 
dissennnatum where bony changes were absent. The anatomical 
locahsation of the lesions leaves little doubt that diabetes insipidus 
existed, and that t^ case is one variety of Hand-Schiiller-Christian 


The numerous eosmophils among the infiltrating cells, particularly 

weU seen ^tary, where lipoid deposits were extremely scant/ 

are a feature which is occasionallv seen meiy scaur y, 

in Hand-Schiiller-Christian diseasJ Fo/? ‘ieposits 

ai..ease. Jtosmophihe granulomata without 
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lipoid deposits are found of course most frequently in bones, but very 
occasionally other organs have been involved in an identical type of 
lesion in cases of chnicaUy typical Hand-Schiiller-Ohristian disease 
(Mallory, 1942). Routine examination was made only of the sternum, 
vertebrae, skull and femur in this case,, but in none of these bones 
were xanthomatous deposits seen, apart from the minute area in the 
sphenoid. 

Van Bogaert et al. (1937) have described a very unusual case in 
which the total serum cholesterol was not increased and the chemical 
analysis of xanthomatous material from tendon swellings showed the 
extremely high free cholesterol : cholesterol ester ratio of 40 : 1 (Van 
Bogaert et al., p, 146), a reversal of the usual state in xanthomatous 
lesions. Cholesterol crystals were numerous in the lesions, and had 
provoked a marked foreign-body giant-cell reaction. Another feature 
of their case, unique in the literature, was involvement of the central 
nervous system sufficiently severe and widespread to cause definite 
neurological symptoms and signs. Similar lesions were found in the 
tendons and pleura. Van Bogaert and his colleagues (pp. 118-124) 
draw a distinction between their case and the few other recorded cases 
of intracerebral involvement by xanthomatous lesions (Chiari, 1933 ; 
Davison, 1933 ; Heine, 1934-35). Briefly these distinctions are : — 

1. Absence of t3rpical symptoms and signs associated with the 
Hand-SchuUer-Christian syndrome. 

2. Chnical signs of central nervous system involvement, confirmed 
by finding brain and cervical spinal cord lesions of unique distribution. 

3. Deposition of innumerable cholesterol crystals with foreign-body 
giant-ceU reaction. 

4. Absence of granulomatous lesions, but macroghal reaction only, 
in the brain tissue proper. 

5. Reversal of the usual free cholesterol : cholesterol ester ratio in 
the tendon lesions analysed. 

Epstein and Lorenz (1937) have described the chemical and 
histological findings in this and a second similar case, and have 
classified the primary cholesterol hpoidoses into two groups according 
to the chemical constitution of the xanthomatous deposits. 

Although the case of Van Bogaert ei al. is unique in respect of its 
clinical manifestations and the anatomical distribution of the central 
nervous system lesions, nevertheless it would seem that the histological 
appearances are not so specific as is suggested and that such a 
classification as Epstein’s is artificial, the differences being probably 
due mainly to the age of the lesions. 

The distribution of the xanthomatous tissue m the brain of the 
present case differs considerably from that in the case of Van Bogaert 
et al. (p. 71). The histological feature of abundant extracellular 
crystalline cholesterol deposits, hoAvever, is obviously much the same 
in the two cases, although they differ in other respects. Eosinophils, 
abundant in' the present case, are not mentioned in Van Bogaert’s 
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Fig. (. Pitiiitnrj- ginnd shov.-ing xanthomatous granulation ti=suo infiltrating the 
capsule, the pars posterior, and part of the pars anterior. Haunatowlin and 
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case, nor did ii show li\c marked gliosis of the surronmUug brain. 
The liistological appearances generally differ a]5]ireciably from most 
descriptions of the xJinthomatous deposits of the Hand-Scliidlcr- 
Christian disease, where foamy cells are usually abundant and 
cholesterol crystalline deposits are not stressed. ’Jhc possibility that 
the chole.sterol crystals were related merely to degenerated cerebral 
tissue was considered, but since the same cry.stalline deposits were 
found in other organs, e.g. the tendon and pleural lesions in Van 
Bogaert’s case, the thymus in Merritt and Paige's case (1933), the 
dura in Howland's case (1928), etc., it is felt that they are an integral 
part of the xanthomatous lesions in the present instance. 

The chemical analysis is probably inaccurate owing to the possible 
inclusion of some normal brain tissue with the xanthomatous material 
examined, and to loss of cholesterol substaiiccs during formalin 
fixation, as pointed out by Epstein (Van Bogaert el al., p. 150). 
Nevertheless, the total cholesterol content is still higher than in 
normal brain and is comparable with Epstein’s total cholesterol values, 
while the ratio is in the usual region for xanthomatous tissue. In 
spite of the masses of cholesterol crx'stals in the histological lesions, 
however, the ratio does not compare with the ratio for Van Bogaert’s 
tendon tissue. 

It seems, therefore, that this case is of great interest in that it 
shows features which closely resemble both eosinophilic granuloma 
of bone and the Van Bogaert type of lesion, as well as many features 
which tmdoubtedly link it with the Hand-SchuUer-Christian s 3 ’ndrome. 
Tims it helps to support the modem contention that eosinophilic 
granuloma and the Hand-Schuller-Christian syndrome are closely 
related, and seems also to link the Van Bogaert tj’pe of lesion, showing 
overwhelming predominance of ftee cholesterol deposits, with the 
more usual picture in the Hand-Schuller-Christian syndrome, where 
these are usually minimal or absent. 


SUiOiABY 


The climeal and autopsy findings in an unusual case of the 
Hand-Schuller-Christian syndrome are described. The climeal features 
were those of diabetes insipidus followed by a Simmonds’s type of 
cachexia. The patient, a male, was 17 years of age at the time of his 
death and the total duration of symptoms was years. Post-mortem 
examination revealed Kpoid-containing granulomatous lesions in the 
brain, meninges and pituitarj’^ gland. Similarities are noted on the 
one Jiand to a case described by Van Bogaert, Scherer and Epstein in 
1937, and on the other to eosinophilic granuloma. 
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BED-CELL CHANGES IN BUBNS AND 
ACUTE ANHYDR^MIA 

G. H. CooRAY and S. N. T>z 

Department of Morbid Anatomy, University College Hospital 
Medical School, London 


The ocenrrence of anjcmia after bums may be an important com- 
plication and many factors have been shou-n to play a part in its 
causation (Sloore d ah, 1946 ; Cope, 1947). Various changes in the 
red corpuscles have been described in bums, in man as rrell as in 
experimental animals, due to thermal bombardment of the blood cells. 
These include htemolysis u-ith haemoglobinsemia and hajmoglobinuria, 
crenation, fragmentation and budding, spherocjrtosis and micro- 
spherocj’tosis and increased fragility. Depressed bone-marrow function 
seems to occur in some of these cases and has been thought to contribute 
to and to maintain the antemia, especially in its earlier stages. At the 
same time, acute anhydraemia resulting from excessive fluid loss at 
the site of the bum is known to plaj- a dominant role in the pathology 
and symptomatology of the initial stages of bums. 

Acute anhydraemia induced by the subcutaneous injection of 
hypertonic glucose solution has also been shown by Cameron d al. 
(1946) to give rise to ansemia lasting for a variable length of time 
from the third day onwards in goats and rabbits. These facts led 
us to investigate the effects of anhydrsemia on the morphology and 
fragility of red biood cells and on the bone-marrow response, and 
also to evaluate the direct effects of heat on the red corpuscles. 

tiETHODS 

Healthy adult male rabbits of about 2-5 kg. body -weight were used through- 
out. Acute anhydraemia was produced by subcutaneous injection under light 
ether ansesthesia of 60 per cent, glucose solution (20 c.c. per kg.) according to 
the technique described by Cameron et al. (1946). Five per cent, glucose 
solution, which is approximately isotonic, was used for the control experiments. 
Samples of blood were taken from an ear vein before the injection and 1, 2, 4, 
6, 8, 10 and 24 hours after the injection and heparinised. Hiemoglobin per- 
centage, red-cell count and measurement of packed-cell volume were carried 
out according to the methods adopted by Cameron et al. (1945). ilean. corpuscular 
volume was calculated, ilean corpuscular diameter was measured after the 
method of Price-Jones (1933), taking an average of 500 cells, and mean 
corpuscular average thickness was cal^ated. Mean corpuscular fragility was 
determined for each sample according to the method described by Dacie ana 
A aughan (1938) and any residual lysis and the presence of plasma hsemoglobin 
were looked for. 
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In another group of animals with anliydrasmia induced in the same way, 
the bone-marrow response after repeated bleeding was investigated. Blood 
samples were taken immediately before and four hours after the injection of 
glucose. On each of the next two mornings 14 c.c. of blood per kg. body -weight 
were withdrawn after taking specimens for examination. Blood samples 
were then collected every morning for another 8-11 days. All these were 
examined for hEemoglobin percentage, red-cell count and reticulocyte content 
only. Control experiments after injection of 5 per cent, glucose were also 
carried out. 

An attempt was next made to ascertain whether the red blood cells are 
more susceptible to mechanical trauma in anhydraimic animals. Blood samples 
were withdrawn immediately before and 4, 8 and 24 homs after the injection 
of hypertonic glucose solution. Tire cells were traumatised by the following 
method. Test-tubes (3"x0-3") were half-filled with heparinised samples of 
blood and closed with rubber corlcs. These were placed vertically in a small 
wooden box with appropriate packing. The box was fixed to the axle of an 
electrically driven revolving machine. The test-tubes revolved at a rate of 
50 revolutions per minute in a vertical plane, thus causing an up-and-down 
movement of the blood column. A similar procedrue was carried out in a 
control animal injected with 5 per cent, glucose solution. 

In a third group of animals 16-25 c.c. of blood were withdrawn into a conical 
flask, heparinised and heated for 2 minutes by placing the flask in a water -bath 
the temperature of which had been raised to 55° C. It was then cooled in a 
water-bath at 37° C. for 2 minutes and injected back into the animals through 
the ear veins. Hajmoglobin percentage and red-cell cormts were determined 
before bleeding, 4-6 hours after injection and subsequently almost every morning 
for 4-13 days until the hsemoglobin returned to its original level. For control 
experiments the blood was kept in a water-bath at 37° C. for 4 minutes. 

Five c.c. aliquots of blood from the ear vein were heparinised. One part 
was heated in a water-bath at 56° C. for 2 minutes and then kept at 37° C. for 
half-an-hour. The second part was heated at 85° O. for 5 seconds and at 37° C. 
for half-an-hour. The third part was kept in a water-bath at 37° C. for 30 
minutes. This was followed in each case by an investigation of the changes 
in the red blood corpuscles by the methods described in the first group above. 

In another set of experiments, 1 c.c. aliquots of heparinised blood were 
placed in water-baths at 37°, 45°, 55°, 65° and 75° C. respectively for 10 seconds. 
Leishman-stained thin smears were prepared from each of these samples and 
the percentage of cells showing microspherocytosis, crenation, budding and 
fragmentation was determined in counts of 500 cells. The percentage of 
hEemoglobin liberated in the plasma was also measured by comparing with 
standards prepared by hajmolysing the original packed cells in corresponding 
amounts of distilled water and making graded dilutions. 


Resttlts 

Ejfect of anhydrcemia on the size and fragility of red corpuscles 

There were 5 test animals and 5 controls. Tables I and II show 
these changes in a representative animal chosen respectively from the 
anhydrmmic and the control series. It will he seen that the effect of 
anhydrsemia in the test animals is manifested by a temporary rise 
in the hemoglobin percentage, red-cell count and packed-cell volume, 
which, however, return to normal levels within 24 hours. These 
changes are absent in the controls. But the dimensions of the individual 
red blood corpuscles as indicated by the mean corpuscular volume. 



RED-CELL CHANCES IN BURNS "'w 

mean corpuscular diameter, mean corpuscular average thickness and 
also the mean corpuscular fragility show no significant changes, nor 
is there any evidence of hccmolysis in the plasma. 

Tablu I 


Rcd-corpuscuJar chnngc.S! in an anhjdrocmic aniiwil (rabbit C, 22r(0 g.) injcrtcd 
subcntancounJy with 20 c.c.//:^. of (lO per cmt. ghirow 




Time Inlf-nil !ii Iioiir. nfler inieetlon of clneo-i 


1 

Zero 

1 

ft 

•4 

1 

c, 


10 

24 

Hajmoglobin (per cent. Hnldnnc) 

92 

103 

120 

lie 

.118 

105 

103 

92 

Red corpuscles (millions per 

.1-99 

... 

... 

8-20 

... 

7'1 

0-97 

G-55 

c.mm.) 

Packed-cell volume (per cent.) . 

■10-S 


... 

.'.3 -.3 


47-9 

4S-!) 

47-2 

Jlenn corpuscular volume (c;i) . 

GS-S 

... 

... 

G4-2 

... 

07'.> 

70-2 

72-2 

ilcan corpuscular diameter O'-) • 

6-2.'. 

... 

... 

6-00 

... 

G-17 

6-24 

C-10 

Mean corpuscular thickness (p) . 

2 24 

... 

... 

2-70 

... 

2-25 

2-30 

2-46 

Slean. corpuscular fragility (per 

0-395 

... 

... 

... 

... 

0-415 

... 

0-395 

cent. J\aCl) 

Residual Ivsis (per cent.) . 






... 

» 

— 


Plasma Hb. .... 


... 

... 


1 

1 *** 





Table II 

Red corpuscular changes in a control animal (rabbit J, 2500 g.) injected 
subcutaneously toith 20 c.c./fcg. of 5 per cent, glucose 


Time Internal in linnis aUer Injection of rIucO'C 


Biooa 

\ 

— - - t 

Zero j 

1 2 ^ 

4 

G 

S 

lU 


Hiemoglobm (per cent, Haldane) . 

1 

82 

... 1 86 

84 

84 

84 

83 

84 

Red corpuscles (millions per c.mm.) 

6-12 , 


6 20 

6-15 


5-91 

5-95 

Packed-cell volume (per cent.) 

41-9 


40-3 

4-2-6 


38-5 

41 S 

Mean corpuscular volume (cp) 

68-5 ' 


65-0 

69-3 


65-1 

70-2 

Mean corpuscular diameter (p) 

6-16 1 

... 1 

6-43 

6-33 


6-2S 

6-10 

Mean corpuscular thickness (p) 

2-30 

. . i . . 

2-00 

2-20 


2-10 

2-40 

Mean corpuscular fragility (per cent. 
Maa) 

Residual lysis .... 

0-410 I 

T' 

... 

0-430 


... 

0-430 

Plasma Hb. .... 



— 

— 
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Marrow response to bleeding in the anhydrcemic animal 

In this group there were three test -animals and three controls. 
Tables HI and IV show the effect on the reticulocyte response in 
the peripheral blood after two successive bleedings in a representative 
anhydrsemic and normal animal respectively. No significant differences 
were observed between the test and control series with regard to the 
bone-marrow response as indicated by the reticulocyte counts. The 
red-ceU count and the hemoglobin percentage in each group fell after 
the bleeding but reverted to a normal level in 10-12 days. The 
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reticulocytes shot up and were maintained at about the same level 
in the two series before coming down to normal with the rise in the 
red-cell count. 

Table III 


Blood changes after bleeding an anhydrcemic animal (rabbit 12, 3350 g.) 


Time interval 


Hb. (per cent.) 

K..B.C. (millions 
per c.ram.) 

Eeticulocytes 
(per cent,) 

15.12.47 

Blood examination 

94 

6-34 

2-45 


Injected subcutaneously with 20 c.c./kg. 60 per cent, glucose ] 


After 4 hours i 

118 



16.12.47 

Blood examination 

106 




Bled 14 e.c./kff. from ear vein 


17.12.47 

Blood examination 

62 

3-47 

1-71 


Bled 14 c.c./lig. from ear vein 


18.12.47 

Blood examination 

36 

2-46 

4-50 

19.12.47 

J> »> 

30 

2-50 

9-33 

20.12.47 

»» >» 

38 

2-60 

10-71 

21.12.47 

>> J> 

38 

2-66 

15-00 

22,12.47 

yi i* 

56 

3-61 

11-15 

23.12.47 

»» 

60 

4-02 

12-60 

24.12.47 

yy yy 

62 

4-07 

10-00 

27.12.47 

yy yy 

80 

4-78 

3-07 

30,12,47 

yy yy 

88 

5-80 

2-00 


Table IV 


Blood changes after bleeding a control animal (rabbit 15, 4160 g.) 


Time interval 


Hb. (per cent.) 

E.B.C. (millions 
per c.mm.) 

Eeticulocytes 
(per cent.) 

15.12.47 

Blood examination 

88 

5-69 

0-88 


Injected subcutaneously with 20 c.c./ke. 5 ner c.pnt. crhio.nRp, 


After 4 hours 

94 


... 

16.12.47 

Blood examination 

86 




Bled 14 c,c./kg. from ear vein 

... 

17.12.47 

Blood examination 

59 

3-73 

1-28 


Bled 14 c 

.c./kg. from ear veiii 


18.12.47 

Blood examination 

42 

2-85 

2-86 

19.12.47 

yy yy 

45 

2-86 

5-00 

20.12.47 

yy yy 

52 

3-65 

14-47 

21.12,47 


66 

3-61 

11-57 

22.12.47 

yy yy 

60 

4-06 

9-69 

23.12.47 


70 

4-43 

10-00 

24.12.47 

yy ' yy 

70 


8-04 

27.12.47 

yy yy 

90 

5-34 

2-30 


Effect of Tnechaniccil trauma on the red corpuscles of anhydrcemic 

animals 

There were two test animals and one control. There was no 
evidence of hemolysis after mechanical trauma in any of the samples 
before or after the injection in either group. 


Fate of heated blood after its replacement in the animal 

There were five annuals in each of the test and control series* 
There was no significant fall in the hsemoglobin percentage or red-cell 
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count in tVio controls (table VI), whereas in the test series, injected 
with heated blood, there was an appreciable fall in these constituents 

Tabt-k V 


Ejfcct of bleeding ai\d replacement of the blood after it had been heat'd to 55® C. 
for 2 ininxitcs and cooled to 37® C. for 2 minutes [rabbit 4, 30S0 g.) 


Time Intcrv-al 

i I f 

j in> (IHT Cf'Ht ) j j ^ 

Colour Indox 

Immediately before blce<ling 

. ! ss 

) 

0 

0 C9 

25 c.c. blood Tcmovod, bopfv^n^‘^^d, hcritrd nnd cooled as nbovo and 


rc-in]OCtcd intrnvcnouMy 



After 4 hours 

. > 8S 

.5 09 1 

0-74 

„ 1 dnv 

SO ' 

0 05 j 

0-71 

„ 2 davs 

. ' 74 

.*> 23 ' 

0-71 

4 

CS 

4 84 

0-70 

i» 5 s, 

7S 

.'>•35 

0-73 

„ 6 „ 

82 

02 

0-73 


Table \T 


Effect of bleeding and replacement of the blood after it had been allowed to stand 
at 37° C. for 4 minutes [rabbit 9, 3550 g.) 


1 

lime intenal j 

1 

lib (per cent ) 

BBC (mllUon.-, I 
ricr c mm ) | 

Colour intlc\ 

{ 

' 

Immediately before bleedmg 

8S 

5 60 1 

0 70 

22 c.c. blood removed, heparmised, heated as oboi e and re-mjected 
, intravenously 

After 4 hours .... 

84 

5-62 

0 75 

„ 1 day .... 

80 

4-95 1 

0-Sl 

^ 

82 

o 50 ' 

0»7o 

^ 

85 

3 60 j 

0 7G 


which, however, returned to the original level by about the 5th day 
(table V), except in one animal ; this took 13 days to recover. 


Effect of heat on the size of rabbit’s red blood corpuscles 

Table VTt shows the changes rmdergone by red blood cells when 
exposed to different temperatures for varying periods of time. At 
53° C. for two minutes, there was a diminution in the number of cells 
and the packed-cell volume, probably as a result of haemolysis. The 
mean corpuscular volume did not show much change, whereas the 
mean corpuscular average thickness increased at the cost of the mean 
corpuscular diameter. These changes indicate an alteration in the 
contour of the cells, which is confirmed by the presence of many cells 
showmg budding and also of fragmented cells. At the same time 
the mean corpuscular fragility was increased. It will also be seen 
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that exposure to 85° C. for five seconds did not cause a significant 
change in the number of cells, packed-cell volume, mean corpuscular 
volume, mean corpuscular diameter and mean corpuscular average 

Tabue VH 

Red-corpusculai- changes after exposure to various temperatures for 
various lengths of time 



Temperature and length of exposiue 

37° C. for i hr. 

55° C. for 2 
minutes, then 
37° C. for } hr. 

85° C. for 5 
seconds, then 

37° C. for 1 hr. 

Red corpuscles (millions per o.mm.) 

5-75 

5-08 

6-90 

Packed-cell volume (per cent.) 

39-8 

33 

38-3 

Mean corpuscular volume (c/n) 

69-2 

65-6 

68-4 

Mean corpuscular diameter (p) 

510 

4-06 

5-47 

Mean corpuscular thickness (p) 

3-38 

5-31 

2-92 

Percentage showing budding 

0 

12 

4 

Fragmentation .... 

Nil 

Present 

• Present 

Mean corpuscular fragility . 

0-51 

0-55 

0-56 


thickness, but there was definite evidence of budding and fragmentation, 
and of a rise in the mean corpuscular fragility. It would appear from 
the observations in this table that heat does affect the red blood cells 
directly and that the duration of the exposure to heat plays an 
important part. 

Table VIII shows that when red blood cells are exposed to different 
temperatures for the same period of time (10 secs.) the morphological 

Table VIH 


Percentage incidence of red-corpuscular changes after exposure to 
various temperatures 



Temperature 

37° C. 

45° C. 

55^ C. 

65° C. 

75° C. 

Normal 

100 

99 

97-8 

80 

0 

Small, deeply stained 

0 

0-5 

1-4 

8 

18-4 

Fragmented 

0 

0-5 

0-8 

6 

16-6 

Crenated 

0 

0 

0 

4 

62*4 

“ Budding ” cells . 

0 

0 

0 

2 

2-6 


changes as well as hfemolysis vary directly with an increase in the 
temperature. These changes include microspherocytosis (change to 
smaller and more deeply stained cells), fragmentation, crenation and 
budding. 

Discussion 

The results of these experiments clearly indicate that acute 
anhydrsemia induced by the subcutaneous injection of hypertonic 
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glucose does not luatcr'mlly niter the niorpliology of the red blood 
corpuscles, nor does it increase their fragility or susceptibility to 
mechanical trauma. Moreover there is no evidence of n disturbance 
of bone-marrow function ns indicated by the reticulocyte response 
to repeated bleeding. As has been shown by Cameron cf al. (194G) 
this type of nnhydriemia gives rise to many of the tjTiical sy.stcmic 
features of burns. It is therefore reasonable to presume that an- 
hydra?n\ia. which is an inevitable accompaniment of the more severe 
burns, is not by itself responsible for any change in the morphology 
or fragility of red blood cells or for any depression of bone-marrow 
function in burns. 

Nevertheless it has been shown that anhydrremia per sc can cause 
anromia in the experimental animal (Cameron ct al., 1946). It is 
tempting to assume that this anremia in experimental anhydrremia 
has its counterpart in the false an-mmia emphasised by Moore el al. 
after full-th'iclincss burns of more than 20 per cent, of the body 


surface, an anffiinia thought by those workers to be due to over- 
hydration of the blood. But Cameron d al. (1946) demonstrated 
that the antemia in anh 3 'drremic animals was unaccompanied b}’- any 
dilution of the blood. Thus although anhydrremia definitely 
contributes to the anremia of severe bums, the mechanism underlying 
the production of the anmmia still remains obscure. 

The direct effects of heat on red blood corpuscles and its possible 
role in the causation of anremia of bums now remain to be considered. 
It has been shown that heat causes varjdng degrees of hasmolysis, 
budding, fragmentation, crenation and microspherocytosis of red blood 
corpuscles, the number of these abnormal forms increasing with the 
temperature of exposure (table VlII), time too, plajdng an important 
part (table VII). Thus exposure to 85'’ C. for 5 seconds is less effective 
in causing these changes than exposure to 55° C. for two minutes. 
High temperatures also brought about frank hemolysis and an increase 
in the mean corpuscular fragility. 

Most of the morphological changes described in these experiments 
have already been found in blood heated in vitro (Schultze, 1865 ; 
von Lesser, 1880 ; SUbermann, 1890 ; Spiegler, 1896 ; Burkhardt, 
1904^05 ; Isaacs ei al., 1924-25 ; and Shen and Ham, 1943). Spiegler, 
Isaacs et al., and Shen and Ham have also demonstrated increased 
fragility of heated red corpuscles to isotonic saline, and Shen and 
Ham have shown such red cells to be more susceptible to traruna 
. _ Moreover, when heated blood is injected back into the same or 
different animals of the same species, hsemoglobinsemia and hsemo- 
globinuria supervene and the morphologicaUy altered cells are rapidly 
removed from the circulation (von Lesser ; Shen and Ham) Shen 
and Ham have also demonstrated increased fragility of red corpuscles 
m the systeimc cn^ation after about l/6th of the total blood volume 
had been replaced by the same amount of heated blood. 

Besides these m-vitro experiments, similar findings have been 
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recorded in vivo. Thus, similar morphological changes in red cells 
have been observed by various workers after experimental burns 
(Klebs, 1863 ; Wertheim, 1868 ; Ponfick, 1877 ; von Lesser, 1880 ; 
Pfeiffer, 1905). Becently, Moritz et al. (1947) have confirmed these 
findings and have also demonstrated increased fragility of the red 
blood cells of the burnt animal to isotonic saline. Hsemoglobineemia 
or hEemoglobinuria or both have also been shown to occur after burns 
in experimental animals by Silbermann, von Lesser, Pfeiffer, and 
Moritz et al. At the same time absence of hsemoglobin or agglutinin 
in the serum or plasma has been demonstrated by Burkhardt. This 
observation suggests that antibody reaction was not responsible for 
the haemolysis noted in the above experiments on burns. 

Cases of burns in human beings, too, have been shown to develop 
exactly similar changes. Shen and Ham found spherocytes in the 
peripheral blood and an increase in the red-cell fragility in severely 
burnt patients. Brown (1946) showed fragmentation, microsphero- 
cytosis, increased mean corpuscular average thickness and increased 
mean corpuscular fragfiity in bums. HsemoglobinBemia and hsemo- 
globinuria, either or both, have been frequently reported in such 
cases, especially those with severe burns involving a large area of 
body surface (Fraenkel, 1889 ; Tschmarke, 1896-97 ; Wilms, 1901 ; 
Shen and Ham, 1943 ; and Moore et al., 1946). Shen and Ham failed 
to find any agglutinin or hasmolysin in the serum or plasma of such 
patients. 

All this evidence points to the occurrence of gross lysis, increased 
ftagifity and susceptibility to trauma, as well as marked morphological 
changes in the red blood cells of burnt patients and animals. The 
in-vitro experiments show that heat alone is capable of bringing about 
such corpuscular changes and that the effects depend on both the 
temperature and the duration of exposure. As has been discussed 
above, the anhydrsemia of severe bums plays no part in producing 
these effects on the red cells. 

What is the significance of these red-cell changes for the ansemia 
that follows burns ? Moore et al. state that the cells involved in 
the initial hemolysis do not exceed 10 per cent, of the total mass. 
Hardy and Soderstrom (1938) have shown that the blood-flow through 
the skin is 13 litres per hour per square metre of surface in the nude 
motionless subject, which amounts to 230 c.c. per minute per square 
metre. It can be calculated from these figures that, if aU the corpuscles 
passing through one square metre of skin in one minute in fuU-thickness 
burns are involved and eventually destroyed, only 6 per cent, of the 
total blood in a 60 kg. man will be lost. Colebrook et al. (1944) 
concluded from their experiments that the volume of cells hcemolysed 
does not exceed 8 per cent, of the original volume. These facts indicate 
that a bum would necessarily have to be very extensive and would 
also require to involve the deeper structures in order to affect a large 
proportion of the circulating blood and to give rise to appreciable 
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anrcmia. Colobrook cl nl have aho pIjowh that the increased fragility 
of the red cells was confined only to a few honi-s after burns and was 
followed by sidinormal fragility. In the })rc‘’Cn( work, too, it has 
been found that in the majority of the animals the anremia following 
the re-introduction of heated blood subsided by the fifth da}'. This 
sngeests that the contrilmtion of direct thermal changes in the 
corpuscles to the burn ana?mia is transient. 

Thus it is seen that these thermal effects do not explain the 
prolonced anaemia which follows the more severe burns. The other 
possible factors arc blood loss through an open wound, infection, 
depressed maiTOW fvmction ns evidenced by a low reticulocyte count 
and impaired elaboration of iron in the circulating red cells (Moore 
cl (il). Cope has also suggested fixation of iron at the vast inflammatory 
barrier in healing extensive burns. Vaughan and her co-workers (1046) 
are of the opinion that impaired liver function, manife.sted by plasma- 
protein disturbances, is responsible for a failure of hrcmoglobin .s}mthe5is 
and thereby contributes to the anmmia of injuries, including bums. 
To these must be added the factor of anhydncniia demonstrated by 
Cameron et al. (1046), although the actual mechanism remains 
unexplained. 

SUMMAHV /V^'D CONCLtrSlOXS 

The role of acute anhydrajraia and of direct heat on the morphology 
and fragility of the red blood corpuscles has been investigated. Direct 
heat produces severe changes in the form of hfcmolysis, budding, 
fragmentation, crenation and microspherocytosis ; acute anhydrremia 
does not alter the corpuscles in any way. This is taken to indicate 
that such corpuscidar changes as have been described in cases of 
burns are due to the direct thermal effect on the corpuscles, anhydrremia 
playing no part. Reasons are adduced to show that these corpuscular 
changes in cases of bums are not sufficient to account for the prolonged 
anffimia which may follow burning. Other possible factors are discussed, 
including the role of anhydrsemia. 

Our thanks are due to Professor G. R. Cameron, F.R.S., for valuable help 
and gvndanee in this mvestigation and to iMr P. J. Crew for technical assistance. 
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'n'F'EFNSIVE TklECHAjIsIS^IS IN THE ^lED 

WITH SPeSaL reference TO THE MECHANICS 


OF PLEURAL ABSORPTION 


G. H. COORAY 

Department of Morbid Anatomy, University College Hospital 
yicdical School, London 


(Plates CXXXII-GXL) 

The infrGc^uGiicy of niGdiastinitis uf post-mortonis lifts often been 
noted by pathologists. Amongst 2S0S autopsies performed at 
University College Hospital during the ten-year period 1921-30 
there ^vere only 22 cases of mediastinitis, as against 1558 which 
showed inflammatory changes in the lungs and pleurse. It seems, 
then, that despite close contact with foci of sepsis, the mediastinal 
components escape infection, except in a very few cases. 

This relative insusceptibility to infection, which has not been 
adequately explained, and previous observations (Karsner and 
Swanbeck, 1920-21 ’, Seifert, 1928 ; Herrfarth, 1928 ; Higgins and 
Lemon, 1931) that the drainage of the pleural cavity takes place 
into the mediastinum, raises the question whether local cellular 
defence mechanisms exist in that structure. The present paper is 
chiefly concerned with the search for such mechanisms and the 
investigation of their mode of action. 

Review of uteratuee 

Von Recklinghausen (1863) was aware of whitish “ spots ” composed of 
coKections of cells traversed by a capillary network in the freshly exposed 
omentum and serous layers of the thoracic cavity in y-oung rabbits. Ranider 
(1874) called the omental spots “ taches laiteuses ” and in 1875 described 
similar patches about 0-5 to 3 mm. in diameter m the peritoneal surface of 
the diaphragm. Marchand (1901) suggested that these omental spots may be 
phagocytic in function, while Buxton and Torrey (1906), Higgins and Bain 
(1930), IVebb (1931-32) and Thomas (1936) noted the active ingestion of 
particulate matter, such as bacteria, by the constituent cells, ilaximow (19276) 
found large numbers of amoeboid elements in tissue cultures of omental 
transplants containing “ taches laiteuses.” 

Very little attention appears to have been paid to the pleural “ rnilk spots ”. 
ilaximow (1927a) mentioned them briefly as occurring in the mediastinal pleura 
of the dog, rabbit, guinea-pig, rat, cat and opossum. Kampmeier (1928), while 
mvestigatmg the foetal thoracic duct, described as an incidental findmg collections 
of cells with va scular networks immediately beneath areas of stratified meso- 

paper is based on a tbeas accepted for the degree of W.D. (Patholoev) of 
the Umversity of London. S. ' 
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thelium in the medio <?tinal pleura of the human newborn and resembling the 
“ milk spots ” in the omentum. 

A passing reference to the presence of a local protective mechanism in the 
mediastinmn is given in their textbook The surgical diseases of the chest by 
Graham et al. (1935), who suggest that the mediastinum contains cells with 
phagocjtic properties. 

Mixter (19tl) made a detailed study of the Kampmeier’s foci, as I shall 
hereafter call them, and demonstrated their presence in the mediastinal pleura 
of the rat, mouse, ground squirrel, grey squirrel, rabbit, cat, dog, mole and man. 
He called them “ macrophagal foci”, because the constituent cells readily 
ingested colloidal dyes and particulate matter such as trypan blue and India 
ink when these were injected into the pleural cavity. 

It would thus appear that both the peritoneum and pleura in mammals 
harbour foci of macrophages. These may indeed be analogous to or even a 
remnant of the phagocytic system in the coelom of lower forms of life described 
by Cameron (1932, 1934), especially the pericardial cells in caterpillars and 
the coelomic corpuscles in earthworms, which constitute a local protective 
mechanism, ingesting with avidity a variety of particulate matter, including 
micro-organisms. 

Since it appeared likely that Kampmeier’s foci may play a major role in 
the defence mechanisms of the mediastinum, experiments were planned to 
investigate in some detail their mode of response to various experimental 
procedures. 

Material and methods 

Various substances, including bacteria, were introduced into the pleural 
cavity and their absorption studied by histological methods. A characteristic 
and consistent path taken by particulates towards the very regions which 
contain depots ideally suited to store irritant material was soon detected and 
the motive forces governing the movement of particle suspensions within and 
from the pleural cavity were studied. Irritant substances such as bacteria 
were also introduced directly into the mediastinum, making use of avenues 
by which infection usually reaches the mediastinum. In this way the evolution 
of an experimentally produced mediastinitis and the means by which it 
undergoes resolution could be followed. 

In all, 157 adult white rats, 46 guinea-pigs and 19 rabbits were used.' They 
were fed with Rowett Institute (later M.R.C.) rat cubes, and they received an 
ample supply of water. 

The intrapleural injections were given in most cases into the right pleural 
cavity through the fourth intercostal space under ether antesthesia, using all 
aseptic precautions. The thoracic viscera were fixed, m situ by the injection of 
10 per cent, formol-saline through the abdominal aorta immediately after the 
animal was killed. The entire thorax with its contents w'as separated from the 
rest of the body and placed in a vessel containing 10 per cent, formol-saline. 
On the following day the thorax was opened and the soft structures, including 
the mediastinal pleural folds, were removed and re-fixed in 10 per cent, formol- 
saline. The bony wall of the thorax, including the parietal pleura and sternum, 
was re-fixed in 10 per cent, formalin and decalcified later. 

In serial experiments with particulates and bacteria, pieces of liver and 
spleen were also fixed in 10 per cent, formol-saline. The thoracic viscera with 
the pleural folds in situ were embedded in paraflSn and transverse step sections 
were stained with (1) Ehrlich’s acid hasmatoxylin and eosin, (2) neutral red, 
(3) Weigert’s iron hfematoxylin and Van Gieson, (4) Lendriim’s (1947) stain for 
reticulin, (6) eosin-Gram-Weigert stain for bacteria, (6) Ziehl-Neelsen’s stain for 
tubercle bacilli, (7) Gomori’s stain (1936) in the case of red-cell suspensions and 
(8) Weigert’s stain for fibrin. HXediastinal pleural spreads from rabbits, rats 
and guinea-pigs were stained with Harris’s htematoxylin. 
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pleura.” They enclose a space hounded hy the heart and pericardium 
cephalad and the diaphragm caudad. This may be termed the 
infracardiac space. Lobules of fat traversed by blood vessels are 
seen beneath these folds, as in the omentum, and adjacent to them 
are very small opalescent spots (Kampmeier’s foci) Tvhich can be seen 
■with a magnifying glass at intervals along the pleura. Similar spots, 
but not so numerous, occur in the folds between the oesophagus and 
aorta on the dorsal aspect of the animal. 

The costal pleura is very firmty adherent to the intercostal muscles 
and ribs and the diaphragmatic pleura to the diaphragm. The cephalic 
portion of the mediastinal pleura is closely adherent to cellular tissue 
surrounding the trachea, cesophagus and great vessels. The retro- 
cardiac mediastinal pleural folds, on the other hand, in virtue of then 
attachment to perpetually moving structures like the heart, lungs and 
diaphragm, are subjected to maximum movement and stretching. 

In pleural spreads, Kampmeier’s foci appear as well-defined clusters 
of cells traversed by blood vessels (fig. 2). Injected spreads show 
clearly the intricate network of vascular channels within each focus, 
reminiscent of a glomerulus (figs. 2 and 5). These blood vessels are 
derived from fairly large trunks wliich traverse fatty lobules lyiug 
adjacent to some of the foci. By using the method of Feindel et al. 
(1947) it was shown that nerve fibres enter the pleura along with the 
blood vessels traversing the fat lobules. They almost encircle the 
foci and send small twigs into their substance. The mesothelial cells 
overlying each focus are morphologically different from those lining 
the rest of the pleura (fig. 3), being smaller and more variable in size 
(table). 

Table 


Measurement of mesothelial cells 



Mesothelial cells lining the 
Kampiweier foci 

Me«othehal cells luung rest 
of pleuia 

Mean diameter 

Standard deviation . 

Coefficient of variation 

16-4^ 

6-8 

41-4 per cent. 

41-92 /X 

9-5 

2-2 per cent. 


Sections made after impregnating the mesothelial ceU boundaries 
with silver show that each Kampmeier’s focus is situated immediately 
beneath the mesothelial cells, the more superficial elements actually 
abutting on the mesothelium (fig. 4). The cells of each focus, which 
are held together by a fine argyrophilic network (fig. 6), are mostly 
round with single vesicular nuclei, but with occasional multinucleated 
giant cells. The true macrophage nature of these cells is indicated by 
the readiness ■with which they ingest colloidal dyes and particulates. 
A characteristic feature is the presence of very large granular mast 
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I'u;. 2. — Injected 

‘.preiid of rctro- 
enrdme pleiirn, 
'•Ilouing .‘■everal 
Knnipmeier’s foei 
ith va«ciilnr not- 
work'". Harri'i's 
h a’ rn a t o x y 1 1 n. 

X GO. 



Fio. 3. — Spread of retro- 
cardmc pleura slion mg 
part of a Kampmcier’s 
focus. Alesothelial cell 
boimdaries are outlined 
by siU er. Kote difference 
betn een mesothebum over 
focus and rest of pleura. 
Owing to the thickness of 
the spread, top left comer 
IS out of focus, but the cell 
outlines can still be seen. 
Sliver nitrate and Harris’s 
ha?matoxyiin. x 420. 




Fig. 4. — Section of silvered 
spread of retrocardiac 
pleura to show position 
of phagocj-tes in rela- 
tion to the mesothelial 
lining. The silver im- 
pregnation can be seen 
between the mesothelial 
cells. Hiematoxylin and 
eosin. x 8.50. 
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Fig. 5. — Section of retrocardinc pleura after injection of blood vessels with India ink, 
showing the intricate vascular pattern in the Kanapincicr’s foci. The cellular 
appearance of the foci is due to previous intrapleural injection of trj'pan blue. 
Xeutral red. x 65. 



Fig. 6. — Argjwophil fibres at site of Kampmeier's focus. 
Silver impregnation, x 70. 
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Tio. 7. — Sin hours after the introduction of India ink. Focal distribution m retro- 
cardiac folds. Also foci m msophageal-aortic fold. Xeutral red. Xl9. 
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Fxg. S.-Ten hours after Ind.a mk. Focal distribution m retrocardiac folds. 
Une focus m cesophageal aortic fold. Xeutral red. x 10. 
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Fia. 8._Te„ hours after India ink. Focal distribution in retrooardiac folds 
One focus in oesophageal-aortic fold. Neutral red. x 10. 




DEFENSIVE MECHANISMS IN THE MEDIASTINUM 

cells. The histochemical method of Hnlc (1046) shows that the cells 
of the Karapmeier’s foci arc embedded in a matrix of mucin. 


The absorption of particulates introduced into the plcnrnl cavity 


India inh, trypan blue, lithium carmine prepared according to 
Cappell's instrukions (1020), suspensions of silica, rabbit’s red 
corpuscles and vegetable oils were introduced into the pleural cavity 
of rats. In the case of India ink the animals were killed at the end 
of 2. 4, 6, S, 10 and 24 hours, 2. 4, 7 and 14 days, and 1, .3 and 4 months, 
and a careful histological study was made in every case by cutting 
sections at different levels. A similar study on a smaller number of 
animals was made in the case of the other substances. 

In all instances the particles find their way into the opposite 
pleural cavity through smalt fenestrations in the mediastinal pleura. 
They follow a characteristic and consistent course, spreading caudally 
towards the diaphragm and then cephalad along the mediastinal 
pleural folds towards the pidmonary roots. ^lost particles congregate 
over the retrocardiac folds ; a few adhere to the oesophageal-aortic 
folds, the most dorsal part of the mediastinal pleura. Selective 
absorption at the Kampmeier’s foci gives the appearance of a focal 
distribution of particles in these folds (figs. 7 and 8). 


(c) India ink. Within 2-4 hours a fibrino-purulent reaction 
develops in the pleural cavity and large clumps of ink become attached 
to the foci by fibrinous strands. Particles commence to pass through 
the mesothelial lining in 6-8 hours and are immediately phagocyted 
the macrophages of the foci. Polymorphonuclear leucocytes too, 
laden with particles, enter the foci simultaneously from the pleural 
cavity. Active phagocytosis goes on for the next few hours within 


the foci, the deeper cells of which also ingest ink particles (fig. 9). 
Increasmg phagocjiiic activity is followed by proliferation of the 
macrophages, resulting in enlargement of the foci (fig. 10). By 24 
hours most of the ink particles have passed into the foci and the 
polymorphonuclear leucocytes within them gradually diminish in 
number and finally disappear in two days. Only the large mononuclear 
cells now take part in phagocytosis. Pibrin disappears in 4 days and 
adjacent foci become coaleseent on account of cell proliferation. A 
few ink-laden phagocytes commence to migrate between the mderlying 
fat cells. By 7 daj^ there is further cellular proliferation (fig. 11) 
and an increase in the reticular fibres in the foci becomes evident. 
Prom now onwards there is diminution in the ceUularity of the foci, 
vat an increase in the fibrous tissue, which commences to encapsulate 
masses of ink. Complete encapsulation by mature fibrous tissue and 
nxatxon of the ink masses in the form of nodules within the foci is 
seen m 3 months (fig. 12). 

The TOstal, ^apbragmatic and visceral pleura plays only a very 
small part m this absorptive process. 
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No free particles are seen at any stage in the lungs or mediastinal 
tissues. Ink granules are seen from time to time in the paratracheal 
glands but this is not a constant feature. 

(6) Trypan bhie and lithium carmine give similar results. They 
are absorbed at the Kampmeier’s foci andphagocjiied by the constituent 
macrophages. 

(c) Absorption of silica particles, too, occurs at the Kampmeier’s 
foci, which after a month show areas of necrosis, Kree silica crystals 
are seen in the necrotic parts with polarised light, surrounded by 
fibroblasts and mononuclear phagocytes containing sihca. At the end 
of 3 months fibrous sihootic nodules are found subpleurally in the 
position of the Kampmeier’s foci. 

(d) Intrapleural injection of rabbit’s red-cell suspensions leads to 
proliferation of the macrophages in the foci at the end of 7 days, 
a large number of the phagoc 3 rtes giving a positive prussian-blue 
reaction for hsemosiderin. 

(e) The introduction of vegetable oils into the pleural cavity is 
foIIoAved by the appearance of large oil cysts in the Kampmeier’s foci, 
surrounded by foamy macrophages (fig. 13). 


The absorption of bacteria introduced into the pleural cavity 

It was found that the introduction of 100 mfiHon bacteria suspended 
in 0-5 c.c. of normal sahne could be tolerated and, at the same time, 
that those were numerically sufficient for the study of phagocjd;osis 
in sections. Injection of killed cultures made it possible to differentiate 
between phagoc 3 rtosis on a large scale and multiplication of bacteria 
within a given focus. 

(a) Experiments with suspensions of killed stai^hylococci (Staph, 
aureus). The animals were killed with ether at the end of half-an- 
hour and 1, 5, 24, 48 and 96 hours. Absorption of these organisms 
also takes place at the Kampmeier’s foci in the retrocardiac fold. 
Phagocytosis by the macrophages of the foci commences within half- 
an-hour of their introduction and continues for an hour. After 
5 hours this process is complicated by the appearance of polymor- 
phonuclear leucocjdes in the pleural cavity which ingest the cocci. 
Polymorphs laden with organisms now infiltrate the foci, where 
phagocytosis is continued. After this period proliferation of the 
macrophages of the foci commences and polymorphonuclear leuco- 
cytes and organisms diminish in number and disappear completely 
in 4 days. The foci become larger owing to the proliferation of 
macrophages. No organisms are seen in the mediastinal tissues or 
lymph glands and the escape of the lungs from invasion bj'’ organisms 
and from infection is a noteworthy feature. 

{b) Experiments tvith live staphylococcal suspensions. The animals 
were lulled at the end of 1, 2, 4, 6, 8, 12, 24 and 48 hours and 5, 7 and 
14 da 3 ’-s. As in the case of India ink, absorption takes place at the 
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Fig, 9.— Twenty-four hours after India mk. Clump of ink on top. Plingocytc^ m 
Kampmeier s focus show intracellular granules. Xeutral reck y 550. 
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MT'.cnAyisMS! jy Tin: mediastinum me 

Kainpmelcr's foci in liic Tctrocardinc pienri\ (fig. 1-i), Uic constituent 
ceiK of the foci playing an active part in plmgocyto'^is (fig. l.'i). The 
picture is coin plicated. houovcr» hy a more severe polymorphonuclear 
reaction. Organisms enter the foci and phagocytosis by fi.xccl cells 
commences •within an hour. A polymorphonuclear reaction in the 
pleural cavity is seen about the same time ; leucocytes ingest the 
cocci, adhere to the foci and subsequently jiass through the pleura 
into the foci, carrying with them the ingested organisms. The 
etficiency of the clearing mechanism is such that within G hours there 
is a noticeable reduction in the number of organisms within poly- 
moiqihonuclcar leucocytes in the pleural cavity and a remarkable 
increase of these colls laden ivith cocci in the Kampmcicr’.s foci, the 
appearance being one of subpleural abscesses which increase in size 
in the next 2 hours. 

By 24 hours there is active proliferation of the macrophages and 
greater phagocj'tic activit3' in the Kainpnieier\s foci, which now 
appear larger owing to congestion and cedeina. After 48 hours onl3' 
a few cocci are demonstrable within the macrophages of the enlarged 
foci. The deeper parts of the pleural folds often show abscesses which 
contain but few organisms. From now onwards the phagoc3'tes in 
the foci continue to proliferate, while the organisms graduall3’ diminish 
in number and ultimatcl3* disappear in 7 da3'.s. 

The absence of organisms in and comparative freedom from 
involvement of the lungs and mediastinal tissues are noteworthy 
features. At no stage are organisms seen in l3*raphatic glands. 

(c) Experiments with live streptococcal snsperisions (Str. pyogenes, 
group A Lancefidd). The animals were killed at the end of 1, 3, G, 24 
and 48 hours and 7 days. The results do not differ from those obtained 
with staph3'lococcal suspensions. Absorption takes place at identical 
sites and the bacteria are phagoc3'ted b5' the macrophages of the 
Kampmeier’s foci. 

(d) Avian tubercle bacilli and (e) Hofmann’s bacillus. The results 
are similar to those with staphylococcal and streptococcal suspensions. 

( / ) Human tubercle bacilli in guinea-pigs. The bacilli axe absorbed 
from the pleural cavity at the same sites in 24 hours and their initial 
destination is the Kampmeier’s foci, where an attempt is made by 
the phagocytes to destroy them (fig. 16). But the organisms multiply 
rapidly and spread in the mediastinal tissues, where a further attempt 
to localise them is made in 7 days by fibroblastic proliferation around 
bacterial concentrations. This, however, is unsuccessful, and in 14 
days there is a diffuse spread of organisms in the tissue, with blood- 
stream dissemination. 

(gr) Streptococci made virulent to rats by passage. The ariirnglg died 
within 12 hours. The pleural cavities were filled -ndth fibrino-purulent 
exudate and Kampmeier s foci were heavily infiltrated with leucocytes 
containing cocci. The mediastinal tissues also contained organisnis. 
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The forces which govern the movement of fluid suspensions 
in the pleural cavity 

{a) The effect of posture on absorption of particulates. Posture or 
gravity does not cause a change in the course taken by particles 
within the pleural cavity. Although animals were maintained in 
different postures for 2 hours under Nembutal, the particles invariably 
moved towards the diaphragm caudall3'^ and thence cephalad along 
the retrocardiac folds towards the roots of the lungs. This experiment 
confirms the observations in the two previous groups, where it was 
noticed that the course followed by particulates was consistent, in 
spite of the different posture of the animals during long periods of 
observation. 

{b) The part played by certain moving structures in the thoracic 
cavity on the distribution of particles, (i) Cardiac movements. The 
effect of the elimination of cardiac movements was studied by killing 
animals with ether, placing them on their backs and applying artificial 
respiration by means of an intratracheal canula connected to an 
electricaU}’- driven pump. The ink suspension was introduced into 
the right pleural cavity. Examination of the thorax in these 
animals after 2 hours of artificial respiration showed that, as long as 
the respiratory movements were maintained, the cessation of cardiac 
contractions did not cause an alteration in the course followed by 
the particles. 

(ii) Diaphragmatic movements. Partial immobilisation of the 
diaphragm in guinea-pigs was effected by means of {a} unilateral 
phrenic avulsion (in the neck), (5) unilateral artificial pneumothorax, 
(c) pneumoperitoneum. In each case, particle distribution was 
carefully compared with normal controls breathing for the same length 
of time, due attention being paid to the extent of particle distribution 
(a) over the retrocardiac pleura in the experimental and control 
series, (jS) over non-absorbing surfaces such as the visceral and costal 
pleura. It has been shown above that little or no absorption takes 
place from these sites. 

With a phrenic avulsion on the left side and a normal right side, 
more particles were found on the right retrocardiac fold than on 
left and more particles were distributed over the costal pleura on 
left side. With a right-sided artificial pneumothorax, more particles 
were distributed on the left retrocardiac fold and over the costal 
pleura on the right side. With a pneumoperitoneim, \evj few particles 
were distributed over the retrocardiac folds. Thej^ were heavily 
concentrated over an area between the lungs dorsally and cephalad 
and a corresponding area on both sides of the vertebral column. 

These experiments indicate that reduction of diaphragmatic 
movement brings about a corresponding reduction in the quantity 
of particulate matter reaching the area of absorption and that 
there is a greater tendency for this matter to remain over the 
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costal and visceral pleura from wlijcli little or no absorption 

takes place. r 

(c) The mode oj transmission of pariicnlalcs ihrongh the mediasUnal 

phxira. (i) Two points needed clarification. Is trnnsrai.'^sion by 
phagocytosis, or can the particles be convej'ed merely by the mechanical 
action of respiratoiy' movements ? Recently killed rabbits n ere giv en 
artificial respiration followed by intrapleural injections of India ink 
suspension. After 1 hour*s artificial respiration the mediastinal plema 
was dissected out and examined histologically. Ink particles had 
passed through the mesothelial barrier and had even entered underlj'ing 
lymphatic vessels. Phagoc 5 'tes played no part in this process. 

(ii) The exact mode of passage across the mesothelium was 
determined by careful serial section of the retrocardiac pleura 6 hours 
after the intrapleural injection of 0-2 c.c. of a 5 per cent, suspension 
of India ink. This clearly showed that ink particles passed both 
between the mesothelial cells and through their cj-toplasm into the 
Ivampmeier's foci. 

(d) The effect of the depth of respiratory movetnent on phagocytosis. 
The depth of respiration was increased in a series of rats by partially 
obstructing the trachea. A control series of equal weight breathed 
normally. The same quantity of ink suspension was introduced into 
the pleural cavities. The intensity of phagocytosis in the two series 
was compared by studjdng sections of pleura after the animals had 
breathed for 3 hours. These showed that phagocytosis within the 
Kampmeier’s foci was more effective in the animals with tracheal 
obstruction in which the depth of respiratory movement was increased. 
Thus dyspuma definitely facilitates the passage of particidates through 
the pleura, and they are then more easily and more quickly ingested 
by the phagocytes of the foci. 

(e) The patkicay for the absorption of fliiid from the pleural cavity. 
This was determined by the prussian-blue method advocated by' 
Weed (1914-15) and Le Gros Clark (1929). The maximum deposition 
of prussian-blue granules occurred in the Kampmeier’s foci, suggesting 
that these structures provide a natural exit for pleural fluids and for 
any particles in suspension. 

{/) Visualisation of the movement of radiopaque dyes within the 
pleural cavity. Three dyes, lodatol, Pyelosil and Viskiodone “ 6,” of 
different degrees of viscosity, were injected into the left pleural cavity 
of normal guinea-pigs and of those whose phrenic nerves had previously 
been avulsed. The course followed hy these dyes was visualised on 
the fluorescent screen and exposures were made at intervals. The 
ai^als were nembutalised for this experiment, the dose beint^ 
calculated according to body weight. ° 

Summary of observations. The movement within the pleural 
cavity of a contrast medium depends on its viscosity and on the 
duration of the diaphragmatic paralysis. In the normal animal 
contrast media of different degrees of viscosity follow the same path 
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as the particulate suspensions used in the previous experiments: 
causing a constant and typical shadow in each case. As expected, 
the rate of movement varied inversely with the viscosity of the 
medium, less viscous dyes moving faster. That this path is determined 
by diaphragmatic movement is shown by a deviation in its course in 
cases of diaphragmatic paralysis. 

(i) When the diaphragmatic movements were minimal, as in animals 
with long-standing paralysis, there was hardly any movement of verj'' 
viscous dyes such as lodatol. 

(ii) When the same dye as in (i) was injected into animals with 
paralysis of shorter duration, the dye slowly reached the diaphragm 
but did not reach the retrocardiac folds. 

(iii) When a medium of very low viscosity, e.g. Pyelosil, was used, 
it was drawn to the unaffected side by the movements of the non-' 
paralysed hemidiaphragm more quickly than when the same medium 
was injected into normal animals. 

(iv) Simultaneous exposure of normal animals and of those udth 
paralysed hemidiaphragms after injecting a dye of moderate viscositj'', 
e.g. Viskiodone “ 6,” disclosed marked differences. The normal 
animals showed the typical shadow seen previously. In animals 
with diaphragmatic paralysis, there was delay in the movement of 
the dye, the shadow at the injection site persisting for a longer period. 
Most of it was drawn to the unaffected side and some of it remained 
over the costal pleura, from which httle or no absorption takes place. 

These observations bear a close resemblance to the results obtained 
when India ink suspensions are introduced into animals with 
immobilised diaphragms. 

{g) The course followed by particulates in the dead animal. There 
was no displacement of particles beyond some spread over a small 
area around the injection site. There was no tendency to gravitate 
to dependent parts, although the animals were maintained in different 
postures. 

The fate of particulate matter introduced directly into 
the mediastinal tissues 

When the India ink suspension was introduced into the mediastinum 
by puncturing the trachea inside the thorax, the greater portion 
remamed in the cephalic part. (Esophageal punctme inside the thorax 
enabled particles to be introduced into the caudal part, f^^ichever 
position the particles ultimately reached, two chief modes of spread 
in the mediastinal tissues were observed : — 

(i) A centrifugal spread in the tissue spaces, with a marked tendency 
to a pleural drift. The particles in this subpleural situation are 
ingested by the phagocytes of the Kampmeier’s foci, which permit 
the escape of only a few particles into the pleural cavity. Particles 
are conveyed towards the pleura both within phagocytes and by free 
passage in the tissue spaces. That this pleural drift is a natural event 
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Fig. 16. — Guinea-pig. One day 
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focus showmg marked cellu- 
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is shown by the deposition of pnissinn-l>lue grannies at identical 
sites (Weed : Le Gros Clark). 

(ii) A caudal spread in the peri-fcsophagcal tissues. In this 
situation the particles arc held up in the Kampnicicr's foci of the 
Tctrocardiac and ccsophagcal-aortic folds. 

There is no evidence that inert particles introduced into the 
mediastinum gain entry into the lung .substance. 


T/ic evolution and resolution of an experimental mediastiniti'^ 

Haifa c.c. oia. Staph, aureus suspension (100 million) vas introduced 
into the mediastinal tissues of rats by puncture of the trachea and 
cesophagus inside the thorax. The animals were killed with ether at 
inteia-als. This scries provided a means of studying the mediastinal 
lesion at 24 hours and 2. 4, 7, 0, 10, 14 and 10 days. 

In all but one case, it was found that the organisms had been 
introduced directly into the mediastinal tissues. In that case they 
had gained entrj’ secondarily from a large ccsophageal abscess. The 
spread in the mediastinal tissues was in all respects similar to that 
of India-ink particles (fig. 17). The acute stage of the mediastinitls 
commences in about 24 hours and is characterised bj' infiltration of 
the tissue spaces with pol.vmorphonuclear cells and dissemination 
of organisms in the tissues (fig. IS). Pleural exudation begins almost 
simultaneously. 

Attempts to overcome the infective process and to limit its spread 
are soon evident. The pleural drift tends to convey the bacteria into 
subpleural Kampmeier’s foci, where manj* are held up and prevented 
ftom entering the pleural cavity. Those that do enter are quickly 
(in half-an-hour) phagocjded bj" the macrophages of the foci in the 
retrocardiac folds (fig. 19). Secondly, an attempt to localise the 
infection by abscess formation in the cephalic mediastinum is seen 
within 3 or 4 days (fig. 20), and thirdly, organisms tend to become 
localised in ulcers formed along the oesophagus. 

The inflammation starts to subside in about 7 days. The bacteria 
disappear from the tissues, which now show foci of lymphocytic 
accumulation. The macrophages of the Kampmeier’s foci, which had 
at first taken part in phagocytosis, continue to jiroliferate, resrdting 
in marked ceUularity of these foci. The organisms fail to reach the 
lungs, which, except for an area of patchy collapse following an 
(Esophageal ulcer in one case, show no pathological change of°any 

degree of severity. 

The inflammation subsides in about 16 days. The pleural cavities 
are now free from exudate and the only 
the mediastinal tissues are (1) patchy 
accumulation, (3) marked cellularity i 
(4) the accumulation of foamy cells in t 


injury to 

fibrosis, (2) focal lymphocytic 
of the Kampmeier’s foci and 
he retrocardiac folds. 
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The absorption of particulates from extra-thoracic strtictures 
into the mediasthmm 

There does not appear to be any absorption from the soft tissues 
at the lower end of the sternum. Some slight absorption takes place 
from the neck. There is much absorption from the peritoneal cavity 
into the thorax, particles ultimatelj'- reaching the paratracheal glands, 
but the route followed does not appear to lie in the path of the 
Kampmeier’s foci. 

In-vitro experiments 

Spreads of the retrocardiac pleura were made on slides with the 
mesothehal surfaces uppermost. The slides were immersed in trypan 
blue and potassium ferrocyanide solutions (Weed ; Le Gros Clark). 
Trypan blue and prussian-blue gramdes collected over the Kampmeier’s 
foci, the rest of the spreads showing only a few granules. 

Discussion 

An attempt has been made in this study to define a local cellular 
defence mechanism in the mediastinum. It has been shown that 
particulate matter introduced into the pleural cavity passes through 
definite zones in the mediastinal pleura. These points of exit are 
guarded by collections of macrophages (Kampmeier’s foci) which lie 
immediately beneath the pleural mesothelium (fig. 4 ). This system 
acts as a very efficient protective mechanism, since particulates such 
as India ink, bacteria, red blood cells, oil globules, silica and colloidal 
dyes such as trypan blue are very quickly ingested by the sub- 
mesothelial phagocytes. Although the pleura actively participates in 
absorption (Starling and Tubby, 1894 ; Karsner and Swanbeck, 
1920-21 ; Corper, 1926 ; Higgins and Lemon, 1931 ), the possible ill 
effects of such absorption are minimised by these barriers, which 
prevent the dissemination of irritants in the mediastinal tissues, and 
by the blood stream. Olimcal experience of mediastinitis is in keeping^ 
with the conclusions reached from animal experiments. It has been 
shown that out of 564 infections of the plem-al cavity there were only 
22 cases of mediastinitis, and in 66 cases of mediastinitis described 
by Neuhof ( 1936 - 37 ) the infection only rarely came from the lungs or 
pleura. Structures morphologically identical with Kampmeier’s foci 
in animals have been demonstrated in the human mediastinal pleura 
by Kampmeier ( 1928 ), Mixter ( 1941 ) and myself. The presence of 
these structures and the efficiency with which they perform the 
function of phagocytosis in animals may partly explain why the 
mediastinum is so resistant to infection from the pleural cavity. 

Graham’s ( 1921 ) experiments clearly demonstrated that fluid 
rapidly collects in the pleural cavity when the lung becomes osdematous 
from any cause. Brock and Blair ( 1931 - 32 ) confirmed this finding and 
also showed that a broth culture of Streptococcus introduced into the 
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lungs through the bronchi pas=:c(l into the pleural cavity almost 
immediately. This experimental evidence suegests that in pulmonary 
inflammations large quantilic'' of hactcria-ladcn fluid juay form in 
the pleural cavity. If this is a common occiirrcnce, absorption by 
way of the Kampmcicr's foci with the a^s^-ociated phagocytosis assumes 
great importance in preventing a incdiastinitis or septiemmia. With 
sub-clinicnl infections of the lungs, too, it is possible that small fluid 
collections containing micro-organisms may accumulate in the pleural 
cavity from time to time without arousing .suspicion. Because of the 
efilcicncy of these foci the pleural cavity may be rendered sterile and 
the mediastinal tissues and blood stream may be kept free from 
infection. 

The activity of the Kampmcicr’s foci is intimateU* connected with 
the direction of movement of intrapleural fluids, which in turn is- 
dependent on respiration, and it has been shomi that the motive 
force is provided bj* the contractions of the diaphragm. During 
diaphragmatic descent in inspiration, a strong suction effect is exerted 
which causes the intrapleural contents to be diawn towards the 
diaphragm from the potential space between lung and chest wall. 
The expiratory act, being passive, is not of sufficient force to cause 
the fluid to be driven back to its original position. Therefore it escapes 
into the retrocardiac area between the lungs and retrocardiac 
mediastinal pleura, which, by bulging towards the infracardiac space,, 
affords sufficient room for the accommodation of fluid (see fig. 1). 
This latter movement is also aided by cardiac systole, wliich, however, 
is not indispensable, since artificial respiration in the absence of cardiac 
contractions does not alter the direction of flow. The direction of 


movement of plemal fluid is thus towards these phagocjdic collections. 

The movement towards the absorptive zones is abolished by 
diaphragmatic paralysis, the result being that particles suspended in 
the fluid remain on sites from which hardly any absorption takes 
place. Bettman (1925) also observed that absorption of India inV 
was delayed in dogs with artificial pneumothorax and suggested that 
the physiology of the pleural space was so altered by the pneumo- 
thorax that the pleura was no longer able to dispose of the ink. The 
real explanation of this disability is that impairment of diaphragmatic 
movement consequent on the pneumothorax, together wi^ the 
production of an air lock interrupting the continuity of the pleural 
fluid, results m a failure to convey the particles to the absorbing 
surface ; hence they remain in the pleural cavity. The diaphragm 
is therefore as important in pleural as in peritoneal absorption 
(MacCallum, 1903; Bolton, 1921; Cunningham, 19226; H^gins 
et ah, 1930). 


Absorption IB preoeded by the attachment of partionlate ctamns 
to the mesotheham ojer the Kampmeier's foci, giving rise to the 
appearance of a focal dmtabntion along the mediaslinal folds (L 7 
8 and 14). The penetration of particles occurs only at thcL foci’ 
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•whicli serve as natural pathways and as a means of exit for pleural 
fluids (vide experiments with potassium ferrocyanide solution). The 
transmission of particles through the pleural membrane is effected 
both by the mechanical act of respiration and carriage within 
phagoc^es, the former operating in the early stages, the latter in 
the later stages of absorption. In their passage through the pleura, 
particles pass both between the mesothehal cells and through their 
living cytoplasm. These processes are essentially similar to those 
described by Cunningham (1922a and c) in the case of peritoneal’ 
absorption. 

The explanation of these modes of passage through selective areas 
in the mediastinal pleura is to be found in the structure of the 
mesothelium lirdng the Kampmeier’s foci, winch is distinctty different 
from the rest of the pleural mesothelium (fig. 3). The smaller size 
of the mesothelial cells over the foci and the consequent increase in 
the total amount of intercellular space combined with the property 
of “ sticldness ” express the admirable adaptation of the Kampmeier’s 
foci to the function of absorption. Although Heger (1904) and Buxton 
and Torrey (1906) noticed this property of stickiness in omental 
“ milk spots,” no sticky substance has so. far been demonstrated. 
I have shown the presence of mucin in these foci, which no doubt 
assists in the attachment of bacteria to these phagocytic systems. 
When trapped in this manner they are more easily attacked by the 
macrophages — a phenomenon not unlike that of the “ surface 
phagocytosis ” described by Wood et al. (1946). 

No absorption appears to take place through the costal, visceral 
or diaphragmatic pleura, as pleural fluid is driven towards the 
retrocardiac mediastinal pleura. Transmission of particles occurs 
'through this membrane as it continually stretches and relaxes like a 
concertina on account of its attachments to vigorous^ moving 
structures such as the heart, lungs and diaphragm. Such stretching 
causes a separation of the mesothelial elements through which particles 
and fluid gain easy access to the subpleural tissues. According to 
Eield and Drinker (1931), mechanical forces, especially stretching, 
aid the transmission of material through endothehal-Iined structures. 

The reactions of the Kampmeier’s foci after the entry of particles 
depend on their nature, but the end result is similar in all cases, 
namely localisation of the irritant and prevention of its spread. The 
macrophages prohferate following phagocytic activity — a characteristic 
feature of cells belonging to the reticulo-endothehal system. Proli- 
feration results in a coalescence of adjacent foci. With India ink 
there is ultimately complete encapsulation of the ink masses by 
mature fibrous tissue. The picture resembles that described by Webb 
in the omental “ milk spots,” the retrocardiac folds thus acting, in 
the pleural cavity, as the analogue of the omentum. Indeed, the 
structure of the Kampmeier’s foci and their vascular arrangements 
closely resemble the injected rat’s omentum as described by Simer 
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(1934:). In the case of bacterial suspensions conditions are somewhat 
different on account of violent inflammatory reactions and poly- 
morphonuclear exudation, but in general the sequela) arc similar. 
The introduction of silica suspensions and vegetable oils into the 
pleural cavity jdelded similar results, while the intrapleural injection 
of ted-cdl suspensions was followed by the formation of ha)niosiderin 
exclusively within the ingesting phagoc^des in these foci. The absence 
of free particles in the mediastinal tissues was demonstrable erddence 
of the efficienev with wliich these foci acted as barriers in the pleura. 

The intensity of phagocj'tosis in the Kampmeier’s foci'is influenced 
by the depth of respiratory movement. Thus although deep breathing 
or dyspnoea enhances absorption from the pleural cavity (Brock, 
1933-34), anv particles so absorbed are more effectively phagocj-ted 
by the macrophages, in reahty an example of homeostasis (Cannon. 
1932). 

In. the studj- of experimental mediastinitis it was observed that 
particles, both India ink and bacteria, when introduced directly into 
the mediastinal tissues follow a characteristic course in the tissue 
spaces, moving away from the midline structures towards the pleura — 
a centrifugal spread with a pleural drift (fig. 17). Tins acts as a safety 
device, causing irritants to leave vital thoracic structures and to be 
efficiently dealt with hy phagocytes of the Kampmeier’s foci. There 
is also a caudal spread towards the base of the mediastinum, where 
they reach the retrocardiac pleura with consequent exposure to the 
action of the foci in this situation. Increased negative pressme at 
the base of the mediastinum (Meltzer, 1892 ; Prinzmetal and Kountz^ 
1935) causes particle suspensions to be driven to the caudal part* 
These two modes of spread are mainly instrumental in preventing 
gross damage to the lungs and pleura. Another protective device 
which prevents dissemination in mediastinal tissues is the formation 
of localised abscesses (fig. 20). 

The Kampmeier’s foci, by virtue of their strategic position in the 
mediastinum, act as barriers to the spread of infection either from the 
pleural cavity or from the mediastinal tissues. They constitute 
the first line of defence in the mediastinum. 


STjaniABY 

The mediastinal pleura of animals contains macrophage collections, 
called Kampmeier’s foci, which exist as definite structural units. On 
account of the avidity with which they ingest particulate matter, 
mcluding bacteria, these foci may he regarded as a part of the 
reticulo-endothelial system. Because of structural differences of the 
mesothelium over these foci and their property of stickiness, they 
serve as exits for pleural contents. Thus kritawts leaving the pleural 
sacs pass sfraight into these phagocjdic collections, where they are 
neld up and their further progress is retarded. 
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Movement towards the Kampmeier’s foci is due to the diaphragmatic 
eontractions and the anatomical arrangement of the mediastinum. 
Absorption is definitely delayed when the diaphragm is immobilised 
by phrenic avulsion, artificial pneumothorax or pneumoperitoneum. 

The transmission of particulate matter through the mediastinal 
pleura is effected in the early stages by the mechanical action of 
respiration and in the later stages by carriage wthin phagocytes. 

The Kampmeier’s foci act as the first line of defence in the 
mediastinum, ingesting most particles and bacteria and fixing them 
in the form of abscesses in the latter case and as encapsulated nodules 
in the former. The retrocardiac pleura may therefore be considered 
as the pleural homologue of the omentum. 

When experimental mediastinitis is produced by the introduction 
of particulates, the particles spread eentrifugaUy towards the pleura — 
pleural drift — and caudaUy. Irritants thus move away from vital 
mediastinal structures and reach the Kampmeier’s foci, which in this 
case protect the pleura. 

Owing to their strategic position in the pathway of absorption 
of irritants both from the pleural cavity and the mediastinal tissues, 
their property of stickiness and their close proximity to the pleural 
sac, these foci form a very effective defence mechanism. 

Structures resembling the Kampmeier’s foci of the lower animals 
have been found in the human mediastinal pleura. 

I oflFer my grateful thanks to Professor G. R. Cameron, F.R.S., for suggesting 
this problem for investigation and for the valuable help, advice and encourage- 
ment I have received during tliis investigation ; to Professor Wilson Smith, 
P.R.S., for advice and facilities m his department ; to Dr S. Cochrane Shanks, 
Professor E. J. King, Mr K. S. MacDonald and Mr J. A. Keimy for much 
assistance. 

The expenses of this work were borne by the Graham Research Fund of tlie 
University of London, to the Trustees of which my thanks are due. 
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SPLENIC LESIONS IN PERIARTEBITIS NODOSA 
J. Ball and J. Davsox 

From the Department of Pathologtj, Manchester Univcrsit;/ 

(Plates CXLI-CXLIII) 

The liistological diagnosis of periarteritis nodosa usually presents no 
difficulty, especially in the acute phase. Descriptions of recorded 
cases show, however, that the appearances may vary considerabh*. 
depending parth’ on tiie age of the lesion, parth' on the size of the 
affected vessel and to some extent on the organ involved. Further- 
more, Davson. BaU and Platt (1948) have already emphasised that, 
in the kidney, changes may occur in the parenchjnna which are not 
immediately recognisable as characteristic lesions of periarteritis 
nodosa. 

That the disease frequentl 5 '’ involves the spleen is attested by the 
many cases reported in the literature and the estimated incidence has 
ranged between 14 per cent. (Gruber, 1925) and 31 per cent. (Harris et 
ah, 1939). Apart from occasional individual case reports such as those 
of Fishberg (1927), Gohrbandt (1927), Krahulik et al. (1935), Wegener 
(1939), Banowitch et ah (1942), and especially Klinger (1931). 
histological accoimts of splenic involvement have been scanty, and 
no systematic histological study of the lesions in the spleen in a 
substantial series of cases of periarteritis nodosa has as yet been 
reported. 

The purpose of this paper, therefore, is to describe the pathological 
changes found in the spleen in 16 cases of periarteritis nodosa, to 
indicate the range of appearances that may be encountered and to 
emphasise the occurrence of lesions that would not, in themselves, 
immediately suggest the diagnosis of periarteritis nodosa. 

JIaterial AJm methods 

Splenic tissue suitable for histological study rras available in 17 out of 23 
cases of periarteritis nodosa coming to autopsy between 1934 and 1948. One 
or more blocks of spleen were cut m paraffin. Hismalum and eosin, tVeigert’s 
e astic-\ an Gieson combination, Gomori’s reticuiin stain and the prussian-blue 
met \od were used in all cases. tlTien necessary, sections were stained also by 
ram s method, Zielil-Xeelsen’s method and Weigert’s fibrin stain, in some 
cas^ large numbers of serial sections were prepared, 

le dia^osis of periarteritis nodosa in these cases rests on the histological 
emons ra ion of the typical lesions in one or more organs and a clinical history 
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-compatible with or definitely suggestive of this diagnosis. Cases classed on 
elinical or other grounds as disseminated lupus and the Libman-Sachs syndrome 
or scleroderma, although they may show similar vascular lesions, have been 
excluded. 

Summaries of the clinical and pathological findings are presented in the 
appendis. Cases marked with an asterisk have already been reported with 
special reference to the renal lesions (Davson ef al.). 

Control series. The control group consisted of material from 400 cases 
coming to autopsy at the Manchester Royal Infirmary between 1931 and 1948 
in which the spleen had been examined histologically. This material comprised 
a wide range of the diseases eneoimtered in a large teaching hospital. 


Resttlts 

Macroscopic findirigs 

The weight of the spleen, recorded in 11 cases, ranged between 
120 and 420 g. In 5 cases the weight represented a definite enlargement 
as compared with the average normal weight (Krnmhhaar and 
Lippincott, 1939). No close relation, however, was found between 
the weight of the spleen and the incidence or severity of the lesions. 
In 3 instances the spleen was apparently normal in appearance and 
weight, though lesions attributable to periarteritis nodosa were found 
histologically. Middleton and McCarter (1935) also noted the 
occurrence of severe microscopic lesions of periarteritis nodosa in 
apparently normal or even atrophic spleens. 

Fibrinous exudate, adhesions or focal thickening of the capsule 
occurred in five cases ; in three others capsulitis was evident only 
after histological study. The cut surface was usually firm but occasion- 
ally soft, and generally showed no distinctive changes. In two cases, 
however (cases 12 and 13), the cut surface was studded with small 
greyish-white foci which proved histologically to be intensely acute 
inflammatory lesions of the Malpighian bodies and trabecula respec- 
tively. In two instances (oases 6 and 10) the striking and unusual 
appearance of multiple infarcts was presented. Thus the macroscopic 
changes were neither uniform nor sufficiently characteristic to be of 
diagnostic value. In this connection the significance of multiple 
infarction is discussed later. 

Histological findings 

There were three cases (cases 1-3) in which no pathological changes 
were present apart fi-om non-specific lesions such as congestion, 
shght cellular hyperplasia of the red pulp and hyaline arteriolosclerosis. 

Disordered architecture. This was encountered in var 3 dng degree 
in six cases, sometimes due to widespread infarction (cases 6 and 10), 
sometimes to widespread destruction of Malpighian bodies and 
extensive trabeculitis (cases 8, 9, 12 and 13). 

Vascular lesions. Characteristic lesions of periarteritis nodosa 
involving intra-trabecular arteries were present in nine instances 
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Fio I — Case 4. -V gplcnic artorj' la the Uea!c<l 
pha«e of periarteritis no(lo=a, shoii ing intimnl. 
medial and peri\ n«eular fibrosis « ith rupture 
and loss of the internal elaitie lamina Hlast le 
<itnm and Van Oip-on. >c ISO. 



I'tc. 4 Cases A healing Malpighian body 
lo'ion Fibroblasts are arranged radiallj 
at the centre and contentricalh at the 
penpherj \ broad rone of IjTnpbocj-tes 
siirroimds the legion. H.emalura and eostn. 

X 14'i. 



P 5 (, 3 — Case s A Malpighian bo<h lo'ion in 
the nnite phase, Xiimerous poltmorphs 
ocoupt the greater p irt of the follicle but a 
thm rimof hTnplioot tc' remains. H.em.ahim 
and eo'in. / l.SO 



Fir. h .- — Case S. An almost completely 
healed Malpighian body lesion (A). The 
arteriole of the follicle is tangentialU placed 
and shows no abnormalitv. Hsomalum and 
cosm. X 14 >. 
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(ca?cs 4-12) nnd in five of t1ic?c tlic nrtoriolcs of the ^^alpighinn 
bodies were also afieeted. Lesions in the arterioles tended to be 
associated with the presence of fibrinoid material in the surrounding 
tissue (fig. 7), In the acute and subacute phase the lesions were of 
the classical type and do not nicrit special description (fig. 2). In 
the healed phase, however, inflammatory infiltration was absent or 
inconspicuous, the artery commonly showing intimal, medial and 
perivascular fibrosis, with rupture and segmental loss of the internal 
elastic lamina and the ])rcsence of iron-containing phagoc\ies in the 
fibrou‘= ti'^sue (fig. 1). Moreover, the^e characteristic changes were 
occasionally limited to one small segment of a vessel so that an 
accurate diagnosis could be made only after the .study of many 
blocks cut in serial or semi-serial section. Wien, as in case 4. a 
lesion of this tj-pe occurs only very occasionally in an otherwise 
normal spleen, the necessity for careful histological examination in 
order to exclude periarteritis nodosa becomes apparent (Rothstein 
and Welt. 1933; Grant, 1939-42: Davi^on ei al., 1948). Similarly in 
case G a single infarct resulting from a single thrombosed aneurysm 
was the only abnormality detected. 

In cases 13-16 vascular lesions of periarteritis nodosa were cither 
absent, inconspicuous or of a t\pe sufiiciently unusual to present 
serious diagnostic difficulty, though other lesions were present which 
are referred to below. In case 13, for instance, an occasional intra- 
trabecuiar artery was seen to possess an apparently normal intima 
and media while the surrounding trabecular tissue showed fibrinoid 
necrosis with some polymorph and mononuclear infiltration and 
fibroblastic proliferation (fig. 9). Again, in case 14 the arterioles of 
the Malpighian bodies were involved in a tubercle-like lesion which 
is described below. 

Trabecular veins were occasionally involved in trabeculitis. In 
two instances (cases 9 and 12) the endothelium of some of the intra- 
trabecnlar veins was raised by an infiltration with polymorphs and 
mononuclear cells, both vein and trabecular tissue being otherwise 
normal. 


Capsulitis. Inflammatory changes in the capsule were present in 
eight cases. This lesion was characteristically focal. It occurred in 
the absence of splenic infarction and in the non-infarcted areas when 
infarcts were present. Typically, small areas of the capsule showed, 
in the acute phase, cedematous separation of the capsular fibres, 
especially m the inner aspect, and degrees of infiltration with varyincr 
proportions of polymorphs, lymphocytes and mononuclear cells! 
Later stages eo^isted of focal capsular fibrosis sometimes containing 
scattered lymphocytes and siderotic phagocytes. Case 12 showed 
both acute and clnomc capsuhtis, often in the same section. The 
findmg of acute and healed phases of periarteritis nodosa in the same 
case same section is frequent in this disease. In two 

instances (cases 9 and 12) acute capsulitis was associated with linear 
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streaks of fibrinoid necrosis (in the deeper aspects of the capsule) 
in which definite arteriolitis could not be identified (fig. 6). 

Trabeculitis. This was present in seven cases. Essentially it 
consisted of a small focal area of a trabecula which in the acute phase 
was swollen, cedematous and infiltrated by varying proportions of 
polymorphs, lymphocytes and mononuclear cells (fig. 8). The muscular 
and elastic tissues were destroyed and silver stains showed a marked 
increase in reticulin fibrils. The distribution of trabecular involvement 
varied considerably. In some instances (ease 15) there were only 
occasional foci ; in others the trabeculse were recognisable only with 
difficulty, the focal lesions having coalesced and replaced almost the 
enthe trabecular system (case 9). In the later stages the lesions 
heal by replacement fibrosis. Similar trabecular lesions were described 
by Edinger. In five cases (8-12) the acute inflammatory infiltration 
was, in some areas, clearly a spread of a severe perivascular reaction 
to acute-phase periarteritis nodosa of the intra-trabecular arteries. 
In the remaining two cases (13 and 15) serial-section studies failed 
to demonstrate this association. Indeed, in case 13 trabeculitis was 
the predominant lesion and there was no other evidence in the spleen 
of periarteritis nodosa. 

Malpighian-body lesions. These occurred in nine cases (cases 7-12 
and 14-16). Three histological types were encountered. In the first 
type (cases 7 and 16) the centre of the Malpighian body was occupied 
by a small group of cells of epithelioid type, with or without associated 
arteriolitis. In the control series similar appearances were found in 
17 cases comprising a heterogeneous assortment of disease entities ; 
hence this lesion is apparently imusual but non-specific. In the 
second type (cases 8-12) the Malpighian body, in the acute stage, Avas 
cedematous and contained at its centre a loose collection of polymorphs 
interspersed with fine strands of connective tissue. Fibroblasts Avere 
also present, usually radially arranged towards a thin peripheral ring 
of concentric connective tissue fibres. Surrounding the lesion there 
was commonty a rim of small l 3 Tnphoc 5 rtes marking the site of the 
original Malpighian body (fig. 3). In its most seAmre form (case 9) 
the cellular infiltration spread into the surrounding tissue, forming a 
lesion resembling a pysemic abscess. Similar lesions were described 
in periarteritis nodosa by IClinger. In general, these foci of infiltration 
stood out clearly from the usually normal cellular content of the red 
pulp. The severity and distribution of these changes varied from case 
to case and acute and healed lesions were sometimes encountered in 
the same section. 

In the third type (cases 9, 10, 14 and 15), masses of fibrinoid 
material of various sizes surrounded the arteriole which 'had itself 
undergone fibrinoid necrosis in some instances. Around the larger 
fibrinoid masses was a zone of fibroblasts and epithelioid cells, AAoth 
occasional poljnnorphs and giant cells (case 14). The AAfiole structure 
bore a superficial resemblance to a tubercle follicle but tubercle bacilli 
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were never found and ttie fibrinoid material stained strongly "witb 
Weigert’s fibrin stain (fig. 10). This lesion was always infrequent. 
In two cases it occurred in the absence of concomitant reacfilj’^ 
diagnosable periarteritis. Granulomatous foci in periarteritis nodosa 
bave been mentioned by Kiabnlik ef al ., by Wegener and by Banowitcb 
et ah (case 5). Occasionally tliis lesion may dominate the histological 
picture. 

In the healing phase of the Malpighian-body lesions, most clearly 
depicted in the second type, the fibroblasts at the periphery were 
arranged concentrically, while those at the centre tended to be radially 
disposed, together forming a characteristic pattern. The completely 
healed lesion presented as a small fibrous nodule (figs. 4 and 5). 

In some instances yialpighian-body lesions were clearly associated 
with acute periarteritis of the central arterioles. In many instances, 
however, this association could not be demonstrated in serial sections, 
the arteriole being not uncommonlj^ccentricaUy placed and showing 
no definite abnormality. / ' ‘ ‘ • 

Pulp changes. Congestion and reticulum-cell and endothelial-ceU 
hyperplasia of a degree comnloniy encountered in autopsy material 
were present in aU cases. Jloderateht large numbers of eosmophils 
were seen in the red pulp in one casejjialy, a finding also reported by 
Lamb (1914), Ophuls (1923) and SaniUel’ (193S), but not mentioned 
in most of the published cases. ' . 

On the basis of these findings the-'^isteen cases may be divided 
into four groups. 

Group 1 . Three cases (cases 1-3) in which only non-specific 
lesions were present. 

Group 2. Three cases (cases 4-6) in which the typical vascular 
lesions of periarteritis nodosa predominated. 

Group 3. Six cases (cases 7-12) in which capsulitis, trabeculitis 
and jllalpighian-body lesions co-existed with the typical vascular 
changes of periarteritis nodosa. 

Group 4. Four cases (cases 13-16) in which capsulitis, trabeculitis 
and Malpighian-body lesions were present, while the typical vascular 
manifestations of periarteritis nodosa were either inconspicuous or 
absent. 

Discussiox . 


Macroscopic changes 

Although infarction is often stated to be frequent in periarteritis 
nodosa, it was by no means an invariable accompaniment of splenic 
involvement in our series. It has been recorded by Keegan (1925) 
Ivlmger (1931), Yance and Graham (1931) and Krahulik et al. (1935)! 
iue two cases uith multiple splenic infarction (cases 5 and 10) 
special interest. They correspond to what has 

mxdrinle si “ Keckmilz ”-a word indicating 

mult pie splemc mfarcts or necroses occurring in the absence of an 
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obvious source of emboli. Scbmeisser and Harris (1938) reviewed 
tbe 27 recorded cases of Fleckmilz and added two of tbeir own. The 
condition appears to be of varying aetiology, occurring in eclampsia, 
chronic renal disease (Schmeisser and Harris), leulfsemia, tularaemia 
(Simpson, 1928) and sulphonamide anaphylaxis (Black-Schaffer, 1945). 
In a case described by Magnus (1937) the lesion was primarily arteritic. 

The two cases of multiple infarction in our series may thus be 
regarded as^ examples of Fleckmilz due to the microscopic form of 
periarteritis nodosa, a diagnosis which should be entertained whenever 
multiple splenic infarction occurs without an obvious source of emboh. 

Histological findings 

Capsulitis. The occurrence of focal capsulitis unassociated with 
infarction in eight cases suggests that it may be a feature of splenic 
involvement in periarteritis nodosa. It is not, however, a specific 
lesion. Edemperer et al. (1941) noted perisplenitis in half of their 
20 cases of disseminated lupus and it has been reported in rheumatoid 
arthritis (Raven et al., 1948). Fox (1930), studying the spleen in a 
series of 25 cases of subacute bacterial endocarditis, found capsulitis 
to be frequent, whether infarcts were present or not. In our control 
series of spleens there were 15 cases of subacute bacterial endocarditis, 
and in 3 of these there was capsulitis unassociated with infarction. 
Splenic capsulitis does not appear to have been described in scleroderma. 

Trabeculitis. Widespread focal trabeculitis was encountered only 
once in the control series of 400 spleens — ^in a case of subacute bacterial 
endocarditis. Occasional slight trabecular infiltration was seen in two 
other cases of the same disease. Klemperer et al., in their study of 
disseminated lupus, noted one case in which there was fibrinoid necrosis 
of collagen in a trabecula, but no lesions were found that closely 
resembled those occurring in our series. More et al. (1946) described 
trabeculitis in 6 of their 22 cases of sulphonamide allergy. However, 
we were unable to detect any evidence of sulphonamide hypersensitivity 
in the cfinical histories of the 7 cases in our series which showed 
trabecuhtis, and, apart from case 11 in which Guttae “ albucid ” were 
used, there was no record that sulphonamide had been exhibited. 

According to a recent statement of Zeek et al. (1948) splenic 
trabeculitis and arteriolitis are characteristic of cases of sulphonamide 
allergy and may be used as criteria for differentiating such cases from 
true periarteritis nodosa. Our results give no support to this view, 
since trabeculitis was prominent in all, and arteriohtis present in 
4 of 7 cases in which sulphonamide hypersensitivity was not a 
complicating feature. 

Trabeculitis does not appear to occur in scleroderma. Thus, 
although focal trabeculitis cannot be regarded as pecufiar to peri- 
arteritis nodosa, its relative frequency in this series as compared 
with the control group suggests that it constitutes a definite 
manifestation of the disease. 
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Fig. 9.— Case 13. Fibrinoid necrosis and fibroblastic proliferation m trabecular tissue 
(A). The mtima and media of the arterj- appear unaffected. Haimaliun and 
eosin. X 100. 



. r*.' Malp.gluan body has imdergoue 

l.bnnoid doacneration and the follicle is replaced bv masses of fibrmo.d material 
contammgsoantj degenerate nnclei. A giant cell is present toirards the periphery, 
where cpithchoid -like cells occur. Hacmaliim and eostn. xllO. 
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Although, the lesion was commonly traceable to trabecular arteritis, 
in two instances (cases 13 and 15) it was present in the absence of 
demonstrable vascular lesions of periarteritis nodosa in the trabeculae, 
and in these cases the origin of the trabeculitis was not apparent. 
It was thought to be analogous to the glomerular lesions of periarteritis 
nodosa, whose frequency has been emphasised recently by Davson 
al., and to the skin lesions described by Macaigne and Nicaud (1932). 
In both the glomerular and dermal involvements, inflammatory and 
fibrinoid necrotic lesions occurred which were not attributable to the 
common vascular manifestations of periarteritis nodosa, and in both 
instances the authors ascribed the lesions to involvement of the 
capillaries. Spiegel (1936) has called attention to the fact that the 
skin (being predominantly a capillary bed) is an excellent “ indicator ” 
of the occurrence of capillary lesions in the disease. It is interesting 
to note that aU seven cases showing trabeculitis were associated with 
diffuse necrotising glomeruhtis, which occurred in nine out of the 
sixteen cases. 

Malpigliian-body lesions. Since changes comparable with the 
second and third tjqies of Malpighian-body lesions were not seen in 
the control group, they may be regarded as supporting the diagnosis 
of periarteritis nodosa, even when, as occasionally happens, the 
typical vascular manifestations of the disease are not present in the 
spleen. Furthermore, when these lesions occur independently of 
arterial, arteriolar or venous lesions of periarteritis nodosa, the 
histological appearances support the view that, as in the case of 
trabeculitis, they may be regarded as manifestations of capfllary 
involvement by this disease. 


SxrjQIAEY 


1. Sixteen cases of periarteritis nodosa were divided into four 
groups on the basis of the histological findings in the spleen. 

Group 1 . Three cases in which there were no pathological 
changes apart from non-specific lesions such as congestion, minor 
degrees of cellular hyperplasia of the red pulp and arteriolosclerosis. 

Group 2. Three cases in which typical vascular lesions of 
periarteritis nodosa predominated. 

Group 3. Six cases in which changes such as capsulitis, 
trabeculitis and Malpighian-body lesions coexisted with the 
typical vascular changes of periarteritis nodosa. 

Group 4. Four cases in which changes such as capsulitis, 
trabeculitis and Malpighian-body lesions were present but in 
vhich the typical vascular manifestations of periarteritis nodosa 
vere inconspicuous or absent. 


-. Trabeculitis and ilalpighian-hody lesions were often seen to 

.Lru; A response to acute and subacute peri- 

adjacent vessels. Serial-section studies showed 
^ these lesions may, however, arise without this association, and 
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in such instances it is suggested that they had their origin in capillary 
periarteritis nodosa. 

3. Focal capsulitis, trabeculitis and inflammatory lesions of the- 
Malpighian bodies may be regarded as definite manifestations of the 
disease in the spleen, and suggestive of that diagnosis even when 
they occur in the absence of the typical vascular lesions of periarteritis 
nodosa. 

We -wish to express our thanks to Professors R. Platt and T. H. Oliver, 
and Drs A. H. Holmes, D. R. Ferguson and C. S. D. Don for permission to use 
their clinical records, and to Dr G. J. Crawford for the material and autopsy- 
records of cases 2 and 6. Our thanks are also due to Professor S. L. Baker for 
helpful criticism. 
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appendix 


.SCKMABIES OF CASES 

Case 1 * (12). A man aged 25 who had been well imtU about 4 montlis 
before death, when he suffered from headaches and abdominal pain. Later 
he developed blurred vision. Blood pressure 200/150. Mliile under observation 
he had a leucocjdosis and an inconstant pjTexia. Before death his blood urea 
rose to 222 mg.' per 100 c.c. and a tentative clinical diagnosis of periarteritis 
nodosa was made. At autopsy small tlirombosed aneurysmal nodules were 
present on branches of the coronarj', renal, hepatic, pancreatic and mesenteric 
arteries. The spleen (140 g.) appeared normal. 

Histology. Typical acute-, subacute- and healed-phase lesions of peri- 
arteritis nodosa,'with and without aneurysm formation, were present in the 
arteries of the myocardium, pancreas, liver, lung, kidney and mesentery. The 
spleen showed no abnonnaHties ; the kidneys the tj-pical lesions of malignant 
neplirosclerosis in addition to those of periarteritis nodosa. 

Case 2 * (10). A woman aged 26 who had intermittent swelling of the 
ankles for a year. Blood pressure 245/155. She developed pjTexia, leucocj*tosis 
and a pleural effusion and died suddenly. At autopsj* small thrombosed 
aneurj-sms were found in the liver, pancreas and kidneys. Spleen enlarged 
<no weight recorded) ; cut surface dark red and firm. 

Histology. Recently organised aneurysms were present in the liver and 
pancreas. Spleen normal. The kidneys were normal except for intimal 
fibroblastic proliferation of some intra -lobular arteries. 

Case 3 ♦ (3). A man aged 55, who, after a week’s fever with abdominal 
pain, had a segment of gangrenous bowel removed surgically. A fortnight 
later he died in urtemia but with a normal blood pressure (120/80) Autop^ 
findings were not available. 

Histology. The gangrenous bowel showed lesions of acute-phase periarteritis 
nodosa. The spleen contained an infarct but no vascular lesions were found. 
The kidneys showed widespread necrotising glomeruhtis. 

Case 4 ♦ (13). A man aged 34 who bad had rheumatoid arthritis of the 
fingers and hands about a year before death. The arthritis disappeared but 
he later developed headache, dyspnoea and weakness. Blood pressure 200/148. 
A clinical diagnosis of malignant hypertension was made. Before death the 
blood mea was 94 mg. per 100 c.c. There was no pyrexia or leucocj-tosis at 
this time. At autopsj* left ventricular hypertrophy was present and the liver 
contained an area of necrosis 4 cm. in diameter. The spleen (200 g.) was firm 
and dark red on section. 

Histology. The liver sliowed an infarct with an associated healing-phase 
lesion of periarteritis nodosa involving a branch of the hepatic artery. The 
spleen showed an occasional intra-trabecular arterj' in the late healed phase of 
periarteritis nodosa, but no other abnormality. In the kidneys some interlobar 
and arcuate arteries showed healed-phase teions. 

Case 5 * ( 1). A man aged 45 with a few months’ history of pains in the limbs, 
cliest and abdomen, loss of weight, pj-rexia and eonjtmctmtis. Blood nressure 
140/90. Leucoc 3 'tosis was severe and the iUness terminated in urremia. At 
autopsj- pericarditis was present and the lungs showed scattered infarcts. The 
-spleen (120 g.) was adlrerent to the diaphragm. The outer surface was mottled 
nimsli-pmk ; the cut surface showed irregular dark areas on a pink backcround, 
suggesting widespread infarction. ^ 


renal reported, rrith special reference to the 

number m that publication (Davson rt aL, 1948). ca-o 
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Histology. Typical acute-phase lesions of periarteritis nodosa were present 
in the arteries of the lungs, kidneys and voluntary muscles. The spleen showed 
capsulitis, multiple microscopic infarcts and acute-, subacute- and healing-phase 
lesions of periarteritis nodosa of the larger intra-trahecular arteries. The kidneys 
showed diffuse neorotising glomerulitis. 

Case 6* (11). A youth aged 17 who had epigastric pain, vomiting and 
pyrexia, and abdominal tenderness. At laparotomy a portion of omentum was 
removed for histological examination. It showed the typical lesions of the 
acute phase nf periarteritis nodosa. Blood pressure 132/84 ; blood urea 36 mg. 
per 100 c.c. General condition deteriorated and he died a month after the- 
operation. At autopsy branches of the coronary and mesenteric arteries showed 
small nodules and both kidneys contained multiple infarcts. Spleen enlarged 
(weight not recorded) and contained one infarct. 

Histology. Typical acute and subacute vascular lesions, with and without 
aneurysm formation, were present in the arteries of the heart, intestine, pancreas^ 
adrenals, liver and volimtary muscles. The spleen showed an area of infarction 
and a tlrrombosed aneurysm in an intra-trabecular artery ; the non-infarcted 
portions showed no abnormality. The Iddneys showed infarcts secondary to- 
thrombosed aneurysms in the larger arteries. 

Case 7. A man aged 28 who had had headaches and dimness of vision for 
several months before death. Blood pressure 260/140. Small nodules were 
found on the radial arteries. Bilateral hypertensive retinitis was present, and 
several choroidal nodules typical of periarteritis nodosa were observed. A 
leuoooytosis of 24,700 was present. Periarteritis nodosa with associated hyper- 
tension of malignant type was diagnosed. At autopsy small white nodules 
were present on branches of the coronary and mesenteric arteries ; the liver 
and kidneys contained infarcts. The spleen (150 g.) showed an area of peri- 
splenitis. The cut surface showed no abnormality. 

Histology. Acute-, subacute- and healed-phase vascular lesions of peri- 
arteritis nodosa were present in the intestine, mesentery, pancreas and kidneys- 
The spleen showed healed-phase vascular lesions of the intra-trabecular arteries, 
occasional acute-phase lesions in the central arterioles, and, more frequently, 
epithelioid-cell foci in the Malpighian bodies. In the kidneys there were also- 
present the histological changes of malignant neplirosclerosis. 

Case 8. A man aged 63 who began to suffer from intermittent claudication 
about ten months before death. More recently he had had headache and oadema 
of the ankles. Albumin was present in his urine and the blood urea was 104 mg, 
per 100 c.c. Blood pressure 190/90. There was a slight leucocytosis and the- 
urine contained red cells and leucocytes. At autopsy numerous small nodules 
were seen in the branches of the mesenteric artery and the liver contained 
several small nodules fiUed with red thrombus. Spleen not enlarged ; its surface 
showed a few smaU white patches ; the cut surface was mottled white and red 
throughout. 

Histology. Acute- and subacute-phase vascular lesions of periarteritis 
nodosa were present in the lungs, pancreas, intestine and liver. The spleen 
showed capsulitis, trabeculitis, Malpighian-body lesions and acute- and subacute- 
phase vascular lesions in the intra-trabecular arteries. In the Iddneys the- 
arcuate arteries showed acute and subacute vascular lesions and some glomeruli 
showed partial fibrosis, others peri-glomerular granuloma formation. 

\ Case 9 * (9). A man aged 52, whose illness began with conjvmctivitis- 
followed by wealmess, dyspnoea, cough and sputum, pyrexia, albuminuria and 
leucocytosis, terminating in urtemia about ten months after the onset of his 
conjunctivitis. 

At autopsy the lungs showed bilateral bronchopneumonia, and two small 
ulcers were present in the ileum. The spleen weighed 420 g. ; the surface showed 
adhesions. The cut surface was mottled white and dark red throughout. 
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Histology. Typical Bcute-pl)ase vascular lesions of ponartentis nodosa tv ere 
present in the ileum and in the peripelvic tissue of the kidneys. The spleen 
showed capsulitis with associated fibrinoid necrosis^ trabeculitis, acute-phase 
\-ascular lesions of the smaller arteries, severe 3Inlpigluan-body lesions, and 
fibrinoid masses with epithelioid-cell and fibroblast reaction m the Malpighian 
bodies. Some veins showed subendothelial Icucocjdio infiltration. The kidneys 


showed diffuse necrotising gloraerulitis. ■ • . , 

Case 10 * (8). A woman aged 32, whose illness began mtb pam in the 
joints of her fingers followed by pneumonia and iritis, yith pjTexia, albuminuria 
and leucocytosis. Five months later she died in uroeruia. 

At autopsy numerous infarcts were present in both kidnej'S. The spleen- 
weighed 220 g. and contained a large number of infarcts. 

Histology. The heart showed diffuse interstitial myocarditis. The spleen 
contained multiple infarcts and showed widespread trabeculitis and a few 
acute Malpigliian-body lesions. The intra -trabecular arteries showed acute-phase 
periarteritis nodosa, the kidneys necrotising glpmeruhtis and occasional 
acute-phase vascular lesions of the intra-lobular arteries. 

Case 11. A man aged 31 who, a year before death, had pain and swelling 
in the knees which cleared up satisfactorily. A few weeks before desAb bo 
had pain in the joints, episcleritis and pyrexia. Blood pressure 120/60 ; there 
was no leucocytosis ; the blood urea rose to 298 rog- per 100 c.c. The urine 
contained albumin, red cells and leucocytes. At autopsy two whitish areas of 
consolidation were present in the right lung ; the jejunum showed multiple 
shallow ulcers and small nodules were present on the mesenteric artery branches. 
The spleen weighed 300 g, ; its surface showed fibriaous adhesions ; the cut 
surface was soft and brick-red, with whitish streaks. 

Histology. Acute-phase lesions of periarteritis nodosa were present in the 
lungs, heart and jejunum. The spleen showed capsulitis and trabecuhtis, many 
Malpighian-body lesions and acute-phase vascular lesions of the intra-trabecular 
arteries. Considerable numbers of eosinophils were present in the red pulp. 
Tlie kidneys showed necrotising glomerulitis. 

Case 12 ♦ (4). A man aged 59, who had complained of weakness, sweating 
and occasional blood-stained sputum for several weeks. X-ray examination 
showed a patch of consolidation in one lung ; p3’Texia, leucocytosis and 
albuminuria were present. Blood pressure 120/60. At autopsj' the lung apices 
showed appearances suggestive of chronic apical tuberculosis, the lower lobes 
patchy consolidation and scattered foci resembling tubercles. The spleen 
(wt. 400 g.) showed numerous minute white foci on the cut surface. 


Histology. The lung apices showed areas of necrosis and fibroblastic 
organisation, and an occasional vessel showed acute-phase periarteritis nodosa. 
The spleen showed capsulitis with associated fibrinoid necrosis, trabeculitis and 
acute-phase vascular lesions of the central arterioles and Malpigbian-bodv 
lesions. Some veins showed subendothelial leucocytic infiltration. The Iddnej-s 
showed diffuse necrotising glomerulitis. 

Case 13. A man aged 41 who had had bronchiectasis for many years. 
For two montlis before death tliere was hemoptysis. IVhen admitted he was 
seriouslj- ill. Blood pressure 100/60. (Edema of the ankles was present. He 
died shortlj- after admission. At autopsy both lobes of the right lung contained 
manj- small white foci ; the lower lobe of the left lung was broncbiectatic. 

cncarditis was present. The spleen (150 g.) showed the cut surface closelv 
studded with small white foci. 

Histology, The lungs showed widespread focal necrotising alveolitis. Acute- 
p wso vascular lesions were present in the liver and the peripelvic tissue of the 
ej-s. The ^leen showed widespread trabeculitis but no typical vascular 
esK^. nie kidnej'S showed diffuse necrotising glumerulitis. 

Case 14. A woman aged 23 who had developed clinical pulmonary 
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tuberculosis about six years before death. This had responded satisfactorily 
to pneumothorax treatment. Six months before death' the blood pressme was 
260/165, and her subsequent clinical course was that of rapidly progressive 
malignant hypertension. Tubercle bacilli had never been found in her sputum. 
At autopsy left ventricular hypertrophy was present and there were encapsulated 
caseous masses in the upper part of both upper and lower lobes of the right 
lung ; the left upper lobe contained numerous small calcified foci. The spleen 
(240 g.) was brick red and firm on section. 

Histology. The limgs showed no evidence of active tuberculosis but 
encapsulated calcified and caseous foci were present. Some pulmonary arteries 
showed the healed phase of periarteritis nodosa, and one branch of the pancreatic 
artery showed the healing phase. The spleen showed capsulitis, slight trabeculitis 
and occasional fibrinoid necrosis of the central arterioles with massive fibrin 
extravasation and epithelioid-cell reaction. The branches of the renal artery 
showed acute-phase vascular lesions with abundant perivascular fibrinous 
exudate and surrounding epithelioid-cell and fibroblast reaction. 

Case 15. A woman aged 55 years who, three weelcs before death, had 
“ uifluenza ” with cough and coryza, subsequently developed vomiting and 
pain in the chest. Slight sacral cndema was present. Blood pressure 160/80. 
A chest X-ray showed a small effusion at the left base. A leucocytosis of 20,000 
was present. The mine contained red cells and albmnin. The blood luea was 
464 mg. per 100 c.c. At autopsy fibrinous pericarditis was present and a left 
pleural effusion was foimd. The spleen weighed 175 g. ; the cut surface appeared 
firm and congested. 

Histology. The spleen showed capsulitis, slight trabeculitis and occasional 
fibrinoid necrosis of central arterioles. The kidneys showed diffuse necrotising 
glomerulitis. 

Case 16. A woman aged 44 who came to autopsy with a clinical diagnosis 
of peripheral neuritis. No further clinical details available. At autopsy the 
small intestine presented acute ulceration throughout its length and the liver 
contained many yellow areas within its substance ; the kidneys contained 
numerous small infarcts. 

Histology. Acute-phase lesions of periarteritis nodosa were present in a 
peripheral nerve and a healing-phase lesion in a hepatic artery branch. The 
spleen showed capsulitis and fibrinoid necrosis of central arterioles with 
surrounding zones of epithelioid cells. The kidneys contained numerous infarcts. 
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(PlATE CXLIV) 

It is au old observation in bacteriologj' that organisms can be trained 
to grow in concentrations of substances ordinarily letbal to tbem. 
Latterly the whole problem of drug resistance has come to have 
an increased importance because of its bearing on the use of 
antibiotics. 

Gordon and Gordon (194:7), showed that Shigella shigee could be 
rendered resistant to concentrations of glycine up to 7-5 per cent, 
and that tins resistance remained at a high level in subsequent sub- 
cultures. They further showed that resistance was not associated 
with the breakdown of gtycine or the reduction of its concentration 
to the limits ordinarily permitting growth. 

The mechanism of resistance acquired by organisms and its mode 
of action have been the subject of a good deal of experimental and 
theoretical study. Ehrlich (1907), who early recognised the resistance 
of trypanosomes to a series of organic arsenicals and dyes, suggested 
that in the resistant trypanosomes the specific drug did not enter 
the cell. Later, von Jancso (1931, 1931-32) demonstrated by light 
sensitivity methods that organisms resistant to trypaflavme did not 
take np the drug, whereas susceptible ones did. In the case of 
Trichomonas zaginalis, however, Adler and Bichowsky (1948, personal 
commumcation) have shown that resistance to stilbamidine did not 
depend on non-entry of the drug, since its presence could be 
demonstrated in the resistant flagellate by fluorescent methods. 

Dubos (1945) states that drag fastness may be “ the result of 
progressive selection of the more resistant individuals occurring 
normally in any ^ven population.” It is likely that several factors 
may be involved in this resistance, either singly or together, of which 
the follou-ing three may be postulated -(a) A difference in permeability 
of the cells, so that the drag may not be able to enter. (6) The 
procluctiou of a metabolite in excess, as for example in the formation 
of p-auuno-benzoic acid in such amounts as to overcome the bactericidal 
effect^; of sulphonamides (Landy ei ah. 1943 : Landy and Gerstung. 
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1944). (c) A difference in enzyme constitution which confers the 

power of destroying the toxic drug, e.g. penicillinase-producing 
staphylococci. 

Maculla and Cowles (1948) described how high concentrations of 
glycine caused lysis of organisms in certain conditions and it appeared 
to us that a similar technique applied to organisms rendered resistant 
to glycine might throw light on the mechanism of this resistance. 


Experimental observations 

The preinous work on organisms rendered resistant to gtycine was 
extended, using instead of Shigella sMgce various strains of Bact. coli. 
These organisms were made resistant by the technique previously 
employed of repeated subculture on media containing increasing 
concentrations of glycine over a period of several months. Eight 
strains of Bact. coli were used, namely four original strains and the 
corresponding four rendered resistant to glycine. Strain X in its 
resistant phase had become a non-gas-produeing variant during 6 
months’ growth in broth containing glycine at concentrations steadily 
increasing up to 6 per cent. (Gordon, 1948). Strains 1, 2 and 4, 
grown in increasing concentrations of glycine on agar, were taken up 
to 7-5 per cent, during a period of five months. These still produced 
gas in the fermentation of sugars. 

From broth cultures large volumes (usually 1 litre) were inoculated. 
The growth of the resistant strain X was poor at 24 hours and had 
to be allowed to grow for 48 hours. According to Maculla and Cowles, 
maximum lysability is found in very young cultures, but as com- 
parison between cultures of yormg normal and old resistant cells 
had to be avoided, the control cultures were also grown for 48 hours. 
Strains 1, 2 and 4, both normal and adapted, grew adequately in 
24 hours. 

The cultures were centrifuged, the cells washed twice with distilled 
water, suspended in a small volume of distilled water (usually of the 
order of 20 ml. per htre of medium), and filtered through a small plug 
of glass wool to remove lumps. From this suspension 2-mI. samples 
Avere pipetted into a series of tubes ; one of these was treated with 
4 ml. of distilled water, others unth various glycine solutions, the 
, total volumes being made up to 6 ml. Another sample was kept for 
nitrogen determination. AU but the last mentioned were incubated 
at 37° 0. overnight. 

Next morning, i.e. after 16-18 hours’ incubation, these suspensions 
were submitted to prolonged centrifugation and the supernatant 
fluids removed by pipette into a series of tubes, the volume taken 
being recorded. The protein which they contained was precipitated 
by the addition of one-quarter volume of 25 per cent, (w/v) trichlor- 
acetic acid. "Vidien the precipitates had flocculated— usually in 24 
hours but sometimes longer — they Avere centrifuged out and thoroughly 
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^.asted t™ .vith 5 per cent. tricMoracetio acid. The washed protein 
was incinerated and the nitrogen determined by a semi-micro-Kjeldabl 
method, using Conway micro-diffusion units and the ^nway micro- 
burette. The nitrogen content of the original suspension of baetena 
was determined, and the precipitated protein expressed as a percentage 
of the total bacterial protein liable I). 
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The hjsis of Bact. coli by glycine 


Sttain 

■ 

Sa^aplc 

YotaTa® 
oCsupematant 
fluid (ml.) 

X found (rog.) ^ 

X pet too ml. ( 
of bacteria j 
(mg.) , 

Aysls 
(per cent.) 

' Lysis dne to 
glycine (per 
' cent.) 

0 

A 


1-60 

1 

80-0 i 


j 

0 

B 

5-2 

0-055 

3-2 

i 

... 

0 

C 

4-9 

0-47 

28-8 

36 

32 

R 

A 

... 

1-00 

50-0 

... 

... 

R 

B 

4-8 

0-029 

1-8 

4 

... 

R 

c 

1 

j 5-3 

0-045 

2-5 


! 1 

1 


0 = original strain 1. R = resistant strain 1, 

A. = 'bacterial suspension. (2 ml.). B » triohloracetio precipitate after incubatioa 
of the suspeusioa with water. C = tricbloracetio precipitate after incubation of the 
suspension with 6 per cent, glycine. 

Different strains of bacteria were tested in this way (table II), 
and glycine concentrations in the neighbourhood of the lethal 
concentration for a normal strain were also tested (table HE). 


Dkeu^sion 

Previous work on this subject (Gordon and Gordon, 1943, 1947) 
had shown that organisms grown on media containing moderately 
high concentrations of glycine present marked changes in the 
consistency of the colonies, i.e. they become mneinous and are 
difficult to emulsify. In the present work, bacteria growing in 
concentrations of glycine lethal to normal organisms showed similar 
but more marked characteristics on solid media. In fluid media they 
were not evenly dispersed, the cultures being of a granular nature. 
The changes which occurred might conceivably be associated with 
changes in the nature of the cell surface or membrane. There were 
also differences in the microscopic appearance of the normal and 
resistant strains (figs. 1 and 2), the resistant strain showing marked 
pleomorphism. Degenerate forms had been previously observed also 
in F. chohrcB grown on glycine agar (Gordon and Gordon, 1943). 

These considerations suggested that the difference between resistant 
and non-resistant forms might be one of permeability. The technique 
of SlacuUa and Cowles offered a means of demonstrating quantitativelv 
any possible difference between the resistant and non-resistant strains. 

j. rwu. o^CT.— 'fot. m „ „ „ 
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The results reported above show that the resistant strains do in fact 
show an increased power of resisting lysis by glycine (tables I and II). 

Table II 


The reduced sensitivity of the resistant strains to (ysis by glycine 


^ 1 

A. 

Strain 

f 

:> /. 

Degree of lysia (per cent.) 

Lysis due to 
glycine 
(per cent.) 

. 

Glycine concentration (per cent.) 

0 

3 

0 

7*5 

X 0 

1 



12 

11 

R 

7 


... 

6 

0 

X 0 

3 



77 

74 

R 

8 



35 

17 

X O 

1 



17 

16 

R 

5 



S 

3 

X 0 

0 



70 

70 

R 

0 



25 

25 

X 0 

1 

63 



62 

R 

0 

0 

... 


0 

1 0 

4 


36 


32 

R 

4 

... 

5 


1 

1 0 

0 


19 


19 

R 

0 


6 


6 

2 0 

0 


14 


14 

R 

1 


0 


0 

2 0 

4 


13 


8 

R 

1 


0 


0 

4 0 

0 


33 


33 

R 

0 

... 

11 


11 

4 0 

1 


15 


14 

R 

1 


5 


4 


O = original strain. R = resistant strain. 


Table III 

Variation in the decree of lysis of normal Bact. coli [strain 1) 
with various concentratiotis of glycine 


Glycine concentration 
(per cent.) 

Lysis (per cent.) 

0 

0 

1-5 

s 

2-0 

16 

2-5 

16 

3-0 

15 

6-0 

19 
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PIG]MENT PATTERNS IN EPITHELIAL 
TIBIOURS OE THE SKIN 

Bebxasd Lennox 
Postgraduate ^Icdical ScJiool of London 

(Plates CXLV-CXLIX) 

The mere presence or absence of visible melanin is of little value in 
tbe classification of epidermal tumours. Tbe melanomata vere 
originally separated fi:om tbe epithelial tumours on the basis of their 
pigmentation, and the separation has rightly survived the demonstra- 
tion of the existence of amelanotic melanomata and of pigmented 
epithelial tumours. Within the group of pigmented epithelial tumours 
are several varieties, each of vhich can be exactly paralleled in 
behaviour and histology by a corresponding non-pigmented (or at 
least not obviously pigmented) form. So certain is this, that Becker, 
vho has contributed as much (1927, 1930, 1934) to our knowledge 
in this field as anyone, concludes (1948) that “ melanin in cutaneous 
carcinoma seems to have no real significance Stewart and Bonser’s 
recent description (1948) of 57 pigmented epithelial tumours illustrates 
very clearly the distinction of these growths from melanomata and 
equally clearly the resemblance of their cases, in all respects except 
the presence of visible pigment, to the corresponding types of 
non-pigmented tumours. 

The studies here recorded show that the presence of the readily 
visible melanin which leads to the labelling of an epithelial tumour 
as “ pigmented ” is merely an exaggeration of an extremely common 
process. Melanin in bulk may be the exception, but its complete 
absence is equally rare in many kinds of tmnour. Even the most 
nordic of skins usually contains some melanin, and the occurrence 
of the same pigment in tumours derived therefrom cannot be regarded 
as surprising. But the melanin in fair skins is neither obvious to the 
naked eye nor readily seen in routine histological preparations, and to 
see the melanin in a lightly pigmented tumour one must either search 
laboriously in unstained sections or use special methods. It is solely 
because of this that the recognition of pigmentation in epithelial 
tumours has so far been largely confined to the more extreme grades, 
and a condition uhich is the rule for manv kinds of skin tumour has 
been regarded as a rarity, 
j. rttn BAcr— vouixi 
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Given that pigmentation of epithelial tumours is common, the 
study of its distribution in an unselected series becomes at once of 
interest. It will be shovm that the pattern assumed by the pigment 
in different sorts of tumours is much more characteristic than its 
amount. These patterns are of value in classification, and occasionally 
of practical use in biopsy diagnosis : their description is the main 
business of this communication. 

It has, however, been impossible to avoid some examination of 
the mode of origin of melanin in these tumours. I believe that melanin 
is formed only within the melanoblasts and that the melanoblasts are 
of extra-epidermal and probably neural crest origin. Arguments on 
this matter may be left to the discussion, but the terms used in the 
descriptions which follow have been based on this belief. In all this 
work the assumption that the melanoblast may be regarded as an 
invading parasite or at least a S3nnbiont has been a fruitful one, even if, 
for the cells of a single organism, the analogy cannot be pushed too far. 
The study of the reactions of a parasite to tumour formation in its 
host carmot fail to give valuable information about both parasite 
and tumour. 


Material and methods 

This study is based on 311 biopsies of epithelial tumours of the skin from the 
routine material of this department. They include some multiple tumours and 
many serial biopsies during radiotherapy, and represent therefore only 226 
patients. Man 5 ’- specimens of normal skin and of inflammatory lesions, dermal 
tumours and the like were also examined but are not speciaUjf considered here. 

The method relied on throughout has been the silver teclinique of Masson. 
Bizzozero (1908) first showed in 1906 that melanin reduced silver salts with the 
deposition of metallic silver, so that even the smallest and palest granules of 
melanin become readily visible. Masson (1925) improved the method by using 
ammoniacal silver nitrate. The method is simple, flexible and reliable : it as a 
histochemical reaction whose simplicity will surprise and perhaps disappoint 
those used to the delightful uncertainties of silver impregnation. In the skin 
at least the reaction seems to be entirely specific : only the argentaffine cells of 
the intestine and the doubtful melanins of the colon and adrenal give the same 
reaction. The basic method is as follows : — 

1. Fix in any ordinary fixative, preferably avoiding chromates. 

2. Embed and cut in paraffin. 

3. Bring to distilled water. 

4. Leave overnight in 5 per cent. Fontana’s ammoniacal silver nitrate, in the 

dark in a covered jar. 

5. Rinse in distilled water. 

6. Fix in 5 per cent, sodium thiosulphate for 1-2 minutes. 

7. Counterstain for A-1 minute in carbol-safranin (Lendrum, 1947). 

8. Wash briefly, dehydrate and mount in balsam (not D.P.X.). 

Silver solution. Fontana’s ammoniacal silver is probably best for ordinary 
use : the use of a slight excess of silver nitrate, decantation after 24 hours and 
filtration into the staining jar help to avoid deposit. Almost any silver solution 
can, however, be used in exactly the same way. Gomori (1948) has introduced 
a buffered hexamine silver solution for staining argentaffine cells which I have 
found worth wliile for melanin : it produces less deposit and, being nearly 
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neutral, detaches fewer sections from the slide. The following simplified version 
of Gomori’s solution is recommended : — 

Take 100 c.c. of 3 per cent, hexamino (called methenamine in the U.S.). 

Add 5 c.c. of 5 per cent, silver nitrate. The precipitate re-dissolvos. 

Add 5 c.c. of borate buffer of approximately 8. (To 3 per cent, boric aci 
add a little phenolphthalein, then normal sodium hydroxide till a pmk 
colour is just perceptible.) 

Make up to 200 c.c. with distilled water. 

Goimterstain. This may of course be varied, but where most stains ■work 
badly carbol-safiranin was found to be verj- satisfactory. It has a usefal 
metacliromatic effect with keratin, which it stains orange in contrast to the 
general rose-red. 

Histological obseevatioi^s 
Pigmentation of normal shin 

Normal skin (fig. 1) treated in the way described above shows 
pigment in four sites ; — 

(a) In phagocytic cells in the dermis (melanophages). Parentheti- 
cally, I would like to make a plea for the avoidance of the word 
“ melanophore ” for these cells. Etymologically correct though the 
term may be, its use results in confusion with the melanophores of 
amphibia, which, though lying in the dermis, are Dopa-positive and 
homologous with the mammalian melanoblast. The only correct use 
of melanophore in mammals is for the cells of the Mongolian spot and 
the “ melanophoroma ” or blue nsevus. 

(6) In the basal cells, which usually form much the most heavily 
pigmented layer. 

(c) In the prickle cells, which may be very hghtly pigmented and 
whose pigmentation diminishes towards the surface (the mechanism 
of this is not rmderstood). In both prickle cells and basal cells a 
cap of denser pigment often forms over the nucleus as though to 
protect it from the light. 

(d) In mdanoblasts. Though the silver stain, unlike the Dopa 
reaction, is not specific for melanoblasts, it is obvious on comparison 
of the silver and Dopa reactions on normal skin that the dendritic 
cells stained by both methods are the same. The long branched 
processes of melanoblasts, marked out by the fine granules of melanin 
within them, are unmistakable (figs. 1 and 6). Melanophages have 
much shorter processes and coarse clumps of melanin and no difficulty 
wiU be found in distinguishing them. Eor the present purpose, which 
involved the assembly of many old cases of which only paraffin- 
embedded material was available, the Dopa reaction was impracticable, 
but I believe that no errors in the identification of melanoblasts 
have resulted. 

In normal skin, melanoblasts may be harder to see by this method 
than they are in pathological material. They are inactive, and the 
surrounding epithelial cells are laden with pigment produced long 
e ore ; consequently they are obscured. In irritated skin or the edge 
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of a healing ulcer, active melanoblasts are surrounded by epithelial 
cells they have not yet had time to pigment, and they may then be 
much more conspicuous. 

Billiagham (1948) has recently given a detailed description of the 
morphology of the mammalian melanoblast, with which my findings 
are in substantial agreement. 


Frequency of pigmentation of tumours 

There were 7 patients in this series with multiple tumours (2 with 
squamous carcinomata, 2 with squamous papillomata and 3 vdth 
rodent ulcers) but in each case all the tumours examined were similar 
in nature, and each may therefore be counted as a single case. The 
226 cases dealt with fall into the following main categories : — 

(i) Squamous papilloma — 51 cases, of which 34 (67 per cent.) 
contained melanin. 

(ii) Benign calcifying epithelioma — 3 cases, all non-pigmented. 

(in) Squamous carcinoma — 51 cases, none of them pigmented. 

(iv) Rodent ulcer and related tumours — 124 cases, of which 46 

(37 per cent.) contained melanin. 

These figures agree approximately with those of Becker (1934) 
except that he found 3 of 43 squamous carcinomata to be pigmented. 


Patterns of pigmentation in tumours 

Pigmentation in the tumours in which it was found was nearlj'- 
always associated with the presence of melanoblasts. For the exceptions 
one of two reasons could always be given. On the one hand, there 
were six small biopsies of lightly pigmented tumours in which 
melanoblasts were presumably scanty and could not be found in the 
limited material available. On the other, there were very heavily 
pigmented tumours in which melanoblasts were largely obscured by 
the masses of melanin in the surrounding epithelial cells. It requires 
unusually dense pigmentation to do this ; in only one of the present 
series (fig. 13) were melanoblasts completely obscured. 

The pattern of the pigmentation depends chiefly on the distribution 
of the melanoblasts but also on the type of epithelial cells among 
which they lie. Three types of pattern can be recognised. 

A Melanoblasts may lie among and be largely concealed by a 
heavily pigmented basal layer (fig. 4), the melanin content of the 
more superficial cells diminishing towards the surface. 

B Melanoblasts may lie in much the same position, confined to 
the near neighbourhood of the basement membrane, but without any 
basal layer marked oiit by its pigment content and with little or no 
pigment in the epithelial cells generally (figs. 2 and 6). Melanoblasts 
are often large in these tumours, with very long processes, and because 
there is nothing in the surrounding epithehal cells to obscure them 
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Fig ]. — Xormal skin Alelanoblasts and 
nuclear caps of melanin are r^cll seen. 
Masson’s sih er method x ISO 



I'lf 1 — hqiiamous papilloma in a woman 
of 17 Hi malum anil oosm x 10 



Fio. 2 — Squamous papilloma of groin in 
a man of 47 with unusually numerous 
basement membrane orientated melano- 
blasts (pattern B). Mnsaon’s siK er method. 
X220 



Fig 4 — Same tumour as fiu 3, ^botving 
the pigment pattern A. of normal =km, 
w itli prominent ba^al lat er and concealed 
melanoblasts 2Ia‘ — on’s siKer method. 

X235 
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"they are more readily demonstrable by tbe silver method here than 
in any other ordinary pathological material. 

c' Melanoblasts may be scattered at random among groups of 
humour cells ; pigmentation of the epithehal cells is then more or 
less uniform, vith little or no emphasis on the peripheral layer of 
cells (figs. 11, 12, 15, 16, 19). Pigmentation is often heavy and 
practically all tumours in vhich the melanin content is a conspicuous 
feature fall into tliis group. 

Analysing these three patterns a little further, it appears at once 
that A is precisely the pattern of normal skin. Pattern B looks 
very much as if it vas derived from A by disappearance of the more 
heavily pigmented basal laj'er. Pattern C seems to be the result 
of proliferation of the pigmented basal layer and disappearance of 
the less pigmented rete Malpighii. The normal habitat of the 
melanoblast is among the cells of the basal layer, and it might veil 
be supposed that they vould multiply more readily among cells of 
that type than among prickle cells. 

This idea is strongly supported by a comparison of the types of 
tumour vliich shov these three patterns. They viU be considered 
in turn fix the folio ving sections. 

Pigment pattern A 

The tumours exhibiting this pattern form a small group of no 
great importance. There are only five examples in this series. AH 
are squamous papillomata vith irregular folc^g and heaping up of 
epithehum in vhich the structure of normal epidermis is very closely 
followed. All the layers persist and none is specially prominent. 
Pigs. 3 and 4 show such a tumour. At first sight there is little 
difference between the lower power views of this tumour (fig. 3) and 
the commoner type of squamous papilloma (fig. 5), but a closer 
inspection shows the much greater tliickness of the epithelium in fig. 3 
and a comparison of the higher power views (figs. 4 and 6) shows 
that the increase is almost entirely on the part of the rete iilalpighii. 
Tins pattern seems to be incompatible with rapid growth or with 
any degree of invasiveness. 


Pigment pattern B 

This is the characteristic pattern of tbe commoner form of 
squamous papilloma. Of tbe 51 squamous papillomata examined, 
5 s mv pattern A and 5 pattern G ; of the 41 which remain, the 24 
winch were pigmented all showed pattern B, 

This ^oup of 41 tnmoirrs appears to be a homogeneous one 
c larac ensed by a thickened folded epithelial layer whose dominant 
element is the rete ilalpigliii with its conspicuous prickle cells. Its 
mcra bets can be arranged in a series fi:om impeccable beniemity to 
incipient invasiveness, and an inverse correlation between pismentation 
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and growth activity can at once be recognised. The most benign 
contain many melanoblasts, the most nearly malignant none. Fig. 2, 
with its numerous melanoblasts and some melanm in the epithelial 
cells, comes from a pedunculated tumour of slow growth. Figs. 5 
and 6 show a rather more active, more sessile tumour which contains 
much sparser melanoblasts and only occasional granules of melanin 
in the epithelial cells. In the flat pre-malignant growths — the keratosis 
senilis of the dermatologists (Sutton and Sutton, 1939) — ^melanoblasts 
are infrequent or more often absent. The conclusion that the presence 
of the basement-membrane-orientated melanoblasts of this pattern 
are the mark of a benign tumour is greatly reinforced by the occasional 
occurrence of the phenomenon seen in fig. 7. This was taken from a 
case of keratosis senihs of the eyelid. Most of the tumour contained 
melanoblasts, but there were several foci of more active growth and 
in these no trace of pigment could be seen. 

The borderhne between the more active tumours of this group 
and the more benign squamous carcinomata is very difficult to draw. 
Failure to find pigment in any of the squamous carcinomata may 
therefore be taken as an extension of the process suggested above. 
Melanoblasts, it may be supposed, find that the more benign members 
of this group retain sufiicient of the characters of normal epidermis 
to continue to offer a fairly congenial habitat, even if they are unable 
to secrete much pigment into the epithehal cells, but as the tumours 
acquire a higher rate of growth and differentiation falls the environment 
becomes increasingly unfavourable and melanoblasts become scantier 
and finally disappear. The point of disappearance in my material 
has always been well on the benign side of mvasiveness, and that must 
be the usual event. It is conceivable that a larger series would shoAV 
an occasional pigmented squamous carcinoma. A few of these have, 
m fact, been reported (Becker, 1934 ; Stewart and Bonser, 1948). 
One cannot, however, escape a suspicion that some of the reported 
cases may have been basal-cell carcinomata with partial squamous 
differentiation. 


Pigment pattern G 

This is the characteristic pattern of the rodent ulcer, but is 
encountered also in a small but important group of squamous papillo- 
mata. These 5 papillomata are all of the variety described by 
dermatologists as (among many aliases) verruca senilis (Sutton and 
Sutton). In spite of the occasional occurrence of doubtful forms I 
think the distinction of this variety of papilloma is a valuable one : 
in distribution, histology and prognosis it differs substantially from 
the squamous papilloma dealt with in the previous section and 
especially from the keratosis senilis with which it is most likely to 
be confused. For the present purpose its most important feature is 
the presence of large numbers of small dark-staining epithelial cells 
(“ basal cells ”) and the absence or only limited development of the 
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Fig. .5. — Squamous papilloma of face in a 
■woman of .iO. Hjcmalum and eosin. 
Xl3. 



pjg_ 7. — Keratosis senilis of eyebrow in a 
woman of 4 ' with foci of early maUgnancy. 
Tlie bulk of the tumour was benign and 
contained melanoblasts (above and to 
right) : occasional more active foci (to 
left) are without pigment. ^lasson’s silver 
method. X 130. 



Km. 0. — Same tumour as fic. 5. Sparse basement -membrane-orientated melanoblasts 
and very little melanin in epithelial cells. A typie.al example of pattern B. 
Masson's silver method. x320. 
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xete Malpigliii. It is probable that most of the pigmented squamous 
papillomata described in the literature are of this tjq^e, e.g. Bloch's 
melano-epithelioma (1927) and Stewart and Bonser's case 17 (their 

figs. 1-3). j -1 

Tumours of this tj-pe are usuallj- hea%Tly and conspicuously 

pigmented. One of the present series (figs. 10 and 11) is an exception, 
in spite of its being well provided with melanoblasts. The pattern 
in these tumours tends to be a little less pure than in rodent ulcers, 
melanoblasts being sometimes more frequent along the basement 
membrane and the peripheral layer of cells a little more heavily 
pigmented, but such variation is usually associated with some degree 
of local squamous differentiation. 

Of the 124 rodent ulcers examined 46 (37 per cent.) contain melanin, 
and in all of these the pattern is of this third tjqie. Melanoblasts are 
scattered at random in the tumour islands. The epithelial cells usually 
contain granules of melanin (figs. 15 and 19) and there is little or no 
tendency to heavier pigmentation of the peripheral layer of epithelial 
cells. Only when the pigment is very scanty is it confined to melano- 
blasts : a picture such as that of fig. 16, with abundant melanoblasts 
among very lightly pigmented epithelial cells, is unusual. Really heavy 
pigmentation, of the kind that catches the eye at once in routine 
preparations, is rmcommon in rodent ulcers. The tumour shown in 
figs. 17-19 is the only one in this series in which the pigment is 
unmistakable. It is one of a very large number which covered most 
of the abdomen of a woman of 62. Nearly all of those examined 
contained some melanin, but only this one tumour, which was not 
otherwise remarkable, was exceptionally heavily pigmented. As in 
many cases, the pigment which one noticed in hsemalum and eosin 
preparations was that in the phagocytes, not in the epithelium. 

Only in the case of the squamous papUloma-squamous carcinoma 
series coTild a relation be established between pigmentation and 
activity of growth. This proved impossible for rodent ulcers. Pigment 
is absent from many slow-growing tumours and present in a few 
active ones. If one assumes an origin from various adnexa in the 
case of rodent ulcers, it is not smprising that only the tumours which 
arise from or mutate either the basal layer or the hair matrix should 
be pigmented ■, and it is probable that variations of this nature in 
the kind of differentiation are more important than its degree in 
determining the pigmentation of rodent ulcers. Studies on this and 
some other histochemical aspects of rodent ulcers are in progress and 
it is hoped to learn sufficient to justify a further communication. 


Further observations 

Some other points noted incidentaUj- may be worth recording. 
Une IS the occurrence of a zone of de-pigmentation of the epidermis 
around some squamous carcinomata, especially the more malignant 
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(figs. 8 and 9). This seemed to be an active process of recent origin : 
melanophages containing melanin could still be recognised beneath the 
epidermis, which itself now contained none. Leukoplakia, of course, 
as its name implies, also shows de-pigmentation, and so did two 
cases of Paget’s disease of the nipple. I have no cases of true Bowen’a 
disease. Khanolkar (1947) reports two pigmented examples, but both 
were in Indians. 

There Avere three cases in this material which corresponded more 
or less to the description of benign calcifying epithelioma, though 
none was calcifying. All were of the usual predominantly priclde-cell 
type and none contained melanin. Several cases of pigmented benign 
calcifying epithehoma have been demonstrated recently, notably by 
fl. F. Heggie at a recent meeting of the Pathological Society, and 
there were two in Stewart and Bonser’s series. 

Discussion 

Practical tises of these observations 

The silver method for the demonstration of melanin is so easy and 
reliable that it is weU worth using for any additional information it 
may give in the biopsy of a doubtful skin tumour. Caution is necessary, 
however, in three respects, (a) These observations are based on a 
relatively small series of oases and are unhkely to have covered all 
the possibilities ; (6) they refer only to Europeans — ^KhanoUcar’s work 
suggests that conditions may be somewhat different in Indians (I know 
of no study in negroes) — and (c) the apparent absence of pigment is 
probably never a wholly reliable observation unless it can be shown 
that the adjacent skin is normally pigmented. The following 
conclusions, however, seem justifiable. 

(a) The presence of a definite pigmented basal layer or of 
basement-membrane-orientated melanoblasts is strong evidence against 
malignancy in a squamous papilloma. In small tangentially cut 
biopsies in which invasiveness cannot be assessed, this may be of 
considerable value. Locafised malignancy elsewhere in the tumour 
cannot of course be excluded by this means. 

(b) An invasive tumour which contains melanin is almost certainly 
a rodent ulcer and not a squamous carcinoma. 

(c) The generalisation that no pigmented epithelial tumour of 
the skin has ever been known to metastasise may be of value in 
prognosis. 

(d) Though irrelevant to the main theme, it may be worth noting 
that one should never have any real difficulty in distinguishing 
between a mahgnant melanoma and a pigmented epithehal tumour. 
The appearance of fully differentiated melanoblasts, with dehcate 
branching processes, lying among tumour cells of an entirely different 
tjqie and without intermediate forms, is quite unlike that of the 
melanomata, which only exceptionally'^ show reaUy good dendritic 
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Fig. S. — Squamovis carcinoma of face in a 
■woman of 66. The two arrows mark the 
points of disappearance of melanin from 
the surrounding skin. Hiemahun and 
eosin. x 6. 



1 n.. 10. \ emica senilis of face in a M'oman 
of 6,). Ha-mnlum and cosin. x S. 



Fig. 9. — Squamous carcinoma of scrotum 
in a man of 60. In this tumour, -which 
is much more active than that of 
fig. S, melanin disappears from the skin 
(arrow) much further from the tumour. 
Hmmalum and eosin. X 7 . 



Fig. 11. — Same tumour as fig. 10. The 
tumour is unusually lightly pigmented, 
but melanoblasts are -n-idely scattered 
through the tumour masses (pattern C). 
Tlie most complete specimen is seen in the 
left lower quadrant. Alasson’s silver 
method, x 460. 











1 in. 14 Rodent ulcer of temple m ti man 
of CT. Tlie kind of rodent ulcer ivhicli 
'■’ nl«nj'’ pigmented Hamalum 

nnd eo'in x 270 
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Fig. 17 — Same tumour as fig 14. Pigmenta- 
tion of epithelial cells and scattered 
melanoblasts (pattern C) Ma&on’s sd\ er 
method. X 370. 
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forms. Eurfclier, the anaplastic squamous carcinomata, -vrhich alone 
are likely on general morphological grounds to be confused mth. 
melanomata, are never pigmented. Diagnosis of the amelanokc 
melanoma is another matter : oceasionall 3 % however, melanin can be 
demonstrated in an apparently pigment-free melanoma by the silver 
reaction. 

The origin of melanin in pigmented epithelial tumours 

It has been claimed that the epithelial cells of these tumours 
themselves produce melanin (Dawson, 1925 ; Stewart and Bonser, 
1948). The demonstration of melanoblasts in such tumours (Becker, 
1934 ; Khanolkar, 1947) does not of course at once refute this— some 
of the pigment may still be formed b3’' the epithelial cells. Direct 
proof awaits the cultivation of epithelial cells and melanoblasts 
separately from such a tumour. The evidence provided by the 
present series on this point may be summarised as follows. 

(а) It has been shown that melanoblasts can nearly always be 
found when melanin is present. The exceptions are explicable either 
because the melanoblasts were too scanty to be demonstrable in the 
material available or because they had produced so much pigment 
that they had become obscured. 

(б) It has been shown that visible pigmentation of epithelial 
tumours is not an isolated phenomenon but the exaggeration of a 
common one, and that this common process has every appearance of 
being merely the extension of the ordinary process of pigmentation 
in normal skin to the tumour in question. What can be proved for 
normal skin may therefore be accepted as true for tumours also. 

Such contradictory opinions have been expressed by the highest 
authorities on this and related matters (Dawson, 1925 ; Willis, 1948 ; 
and Stewart and Bonser, 1948 on the one hand ; and Masson, 1926, 
1948 ; and Becker, 1934 on the other may be taken as representative 
of the two main schools) that it is clear the examination of human 
pathological material cannot alone give a complete answer. But 
melanogenesis is a normal, not a pathological process, and its occurrence 
is not confined to man or even to vertebrates. The problem is one 
of the widest zoological significance and the pathological findings in 
the human subject must be interpreted in the light of zoological 
research. The last ten years have produced such abundant con- 
firmation of earlier experimental work on the neural crest that few 
zoologists now seem to question the origin of skin pigment entirely 
from immigrant melanoblasts and of melanoblasts entirely from the 
neural crest. It is this, rather than am* necessarily speculative (even 
if highly probable) deductions from the appearances seen in the 
present material that has led me to insist that the production of 
melanin in the tumours under discussion is a matter entirelv of the 
melanoblasts. 
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Origin of mdanoblasts 

The zoological evidence for the origin of the melanoblast from 
the neural crest is sufficiently unfamfiiar to be •worth recapitulation. 
Much of it has been recently collected by DuShane (1948) and Ra-«ies 
(1948). Some histological studies may be mentioned first. Becker 
et al. (1935) showed that only the melanoblasts of the skin are 
Dopa-positive ; Bloch’s earlier claim of a limited reaction by the 
basal cells ■was due to technical errors. Steamer (1946) has recently 
confirmed Ehrmann’s work (1885) on the transference of pigment 
from melanoblasts to epithelial cells in amphibians. BiUingham (1948) 
and BiUingham and Medawar (1948) have made detailed studies of 
the guinea-pig melanoblasts and of their “ infective ” transformation 
which emphasise the secondary role of the epithelial element in 
pigmentation. These are all important, but the conclusive evidence 
is embryological. 

(а) In fish, Borcea (1909) observed histologically the migration of 
pigmented cells from the neural crest. In higher vertebrates (and 
most fish) the migratory cells are not pigmented and carmot be 
directly identified in transit. 

(б) In amphibia, transplanted or cultured whole neural tube 
(Harrison, 1910 ; quoted by Harrison, 1935) or neural crest (Holftreter, 
1933 ; quoted by DuShane, 1948) forms pigmented cells. After 
excision of the neural crest early in development, pigment is lacldng 
from corresponding segments in the adult (DuShane, 1935). IVhen 
neural-crest grafts of different species are exchanged, the corresponding 
segment of the host acquires the pigment of the donor (DuShane, 
1935). 

(c) In birds, transplants or cultures of the neural crest form 
pigmented cells (Dorris, 1936). The course and timing of the migration 
of the neural crest cells have been followed in many grafting experi- 
ments (Eastlick, 1940 ; WiUier and Rawles, 1940), and Watterson 
(1942) describes the actual invasion of the Aving-bud epidermis by 
melanoblasts. One of Rawles’s experiments (1945) affords particularly 
convincing evidence for the extra-epidermal origin of melanoblasts. 
The -wing-bud of a 72-hour female MTiite Leghorn embryo was 
transplanted to the coelom of a male Barred Rock embryo of the 
same age -without ectodermal contact : there it grew and acquired 
host pigmentation, and at hatching was re-grafted to the back of 
another female White Leghorn chick ; again it grew, and continued 
to produce feathers with the characteristic pigment pattern of a 
Barred Rock male. 

(d) In mammals, the difficulty of operation on the foetus has 
preven-ted the elaborate and convincing experiments which have 
been possible on amphibians and birds. Rawles (1940) has, however, 
implanted foetal ectoderm of black mice into chick embryo coelom 
and succeeded in growing hairs. If the graft from a ten-day embryo 
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included the neural crest, the hairs were pigmented, if it did not, 
they were colourless. She has more recently (1947) confirmed and 
extended these experimental findings. It seems improbable that a 
process established with such consistency in the rest of the vertebrate 
ph}Ium, occurring at a stable phase of embr 3 ’'onic development when 
species differences are minimal, has been fundament all 3 ' altered during 
the evolution of the mammal. Even in mammals it will reqxure 
some very strong factual evidence to shake the neural-crest hypothesis 
now. 

StraniABY 

1. The pigmentation of a series of epithelial skin tumours has 
been examined by a modification of Masson’s silver method. 

2. Of the squamous papillomata 67 per cent, and of the rodent 
ulcers 37 per cent, contain melanin : squamous carcinoma alone of 
common epidermal tumours is regularly without it. 

3. Melanoblasts were demonstrable in pigmented tumours in nearly 
all cases : production of melanin by the epithelial cells of these tumours 
is considered improbable. 

4. In pigmented tumours the pigmentation may assume any of 
three patterns : — A. A small number of squamous papillomata retain 
the structure and type of pigmentation of normal skin. B. Most 
squamous papillomata show melanoblasts along the basement mem- 
brane and little melanin in the epithelial cells. C. Rodent ulcers 
and squamous papillomata of the verruca senilis type have their 
melanoblasts scattered through the cell groups and their epithehal 
cells are uniformly and often heavily pigmented. 

o. Embiyological and experimental evidence for the neural-crest 
origin of the melanoblast is summarised. 


Professor J. H. Dible, Dr C. V. Harrison, Dr I. Doniach and Dr A. G. E. 
Pearse have made many helpful suggestions. I owe the clinical details of many 
of the eases to Dr L. H. Walter. Mr J. J. Griffin and iliss Barbara Sharrett 
are responsible for the sections and :Mr E. V. Wilhnott for the photomicrograplis. 
To all these ray thanks are due. 
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A CYSTIC BLAMARTOBIA OF THE LWG 
IN A NEW-BORN INFANT 


M. R. Thosias 

From the Department of Pathology, The South Devon and East 
Cormcall Hospital, Plymouth 


(Plates CL and CLI) 


CoisGESiTAL cystic lesions of tlie lungs are generally regarded as 
uncommon. Pubiistied ■work on the subject consists almost entirely 
of reports of isolated examples, of which Koontz (1925) was able to 
find only 108. Holmes Sellers (1938-39), however, has reviewed 32 
personally observed cases. 

The manifestations of the condition are very diverse. There may 
be a single large cyst, or many cysts ranging in size from the micro- 
scopic up to 1 cm. or so in diameter, either foiming a tumour-like 
mass or scattered diffusely throughout the parenchyma of a lobule, 
lobe or whole lung on one or both sides. The cysts may be confined 
to an accessory lobe, or may form a mass apparently arising from 
neighbouring structures such as the oesophagus or mediastinum. 
Seltzam (1905, quoted by Koontz) found a cystic mass of lung tissue 
under the left vault of the diaphragm. More than half the cases 
recorded have been in infants who either were bom dead or lived 
but a short time after birth, but the condition is not necessarily 
incompatible with long life. In most cases which survive infancy, 
infection supervenes during childhood or adolescence. 

ilicroscopicaUy, the basic structme of these congenital cystic 
lesions is remarkably constant from case to case. The epithelial 
elements are of three tjqpes : (1) well-formed tubules resembling 
bronchioles, (2) more or less spherical cavities and (3) intermediate 
forms which are verj^ irregular in shape, being tubular or cleft-Mke 
in one part and saccular in another. The epithelial lining of the 
cavities is a single or occasionally a double layer of cells showing 
all degrees of transition between low cubical and high columnar, 
and it rests on a well-formed basement membrane. Goblet cells are 
rarely present and there may be mucous glands in association with 
some of the larger tubules. The basement membrane is supported 
by a layer of plain muscle and often elastic tissue. Cartilage may 
be present in the stroma, either in association with bronchioles or 
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arranged in tumour-like masses. The cells of the supporting stroma 
are less diflFerentiated than in normal lung tissue. The blood vessels 
are small and not numerous, and they bear no constant relationship 
to the epithelial structures. Anthracotic pigment is absent from 
congenital cystic lesions, a feature which has been of use in deciding 
whether a given cystic structure is congenital or acquired. 

In view of the wide variety of appearances which may be presented 
by congenital cystic disease, especially when complicated by in- 
flammatory changes, it is not surprising that cases have been described 
in the past under a variety of titles — ^foetal cystic adenoma, bronchial 
adenoma, cystic degeneration, “ honeycomb lung ” and congenital 
bronchiectasis. Even these terms do not fuUy convey the bewildering 
variety of theories which have been suggested to explain the presence 
of the cysts. 

Broadly speaking, the different views on the genesis of congenital 
cystic disease of the lung may be classified under three headings : — 

(1) The condition is to be regarded as neoplastic or at least semi- 
neoplastic. Esch (1928), for instance, describing what he calls a 
congenital adenoma in a new-born infant, considered it to be a “ diffuse 
hamartoma.” 

(2) The cyst formation is the result of syphihtic or other in- 
flammatory bronchial stenosis which has caused bronchiectatic 
dilatation more distaUy. But many cases show no evidence of 
inflammatory reaction and where this occurs it is more likely to 
be secondary or coincidental. Pappenheimer’s (1913) case is of interest 
m this connection. He found a cystic right upper lobe in a premature 
infant whose blood-Wassermann reaction was strongly positive, but 
the lungs showed no evidence of s3rphihs. 

(3) The condition is a developmental defect. The great majority 
of writers have come to this conclusion, but they differ in theii’ 
interpretation of the mechanism by which the developmental error 
is brought about. Koontz, for instance, found constrictions at the 
junction between tubules and cysts in his case. He inferred that 
the cysts were caused by the damming up of secretions distal to the 
constrictions. Wolman (1922-30) in his case found no such constric- 
tions and thought that the obstruction was due to the absence of any 
communication between the cystic mass and the bronchial tree. 
Also the fact that few alveoli were present led him to believe that 
bronchial proliferation had occurred at the expense of alveolar 
formation. Pappenheimer, on the other hand, found by serial 
sectioning that the dilated spaces w'ere in direct communication 
w'ith bronchi on the one hand and alveoh on the other. Both he 
and jVIiller (1926) deny that the microscopic appearance of the epithelial 
structures is compatible with any great degree of distension of the 
cavities by pressure from within. Many writers have suggested that, 
in some cases at least, aplasia of the alveoli has led to mechanical 
dilatation of the bronchi by respiratory pressure. It is not alwaj’s 
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clear from the descriptions, however, that mature alveoK were present 
as part of the lesion and not merely as part of the normal limg tissue. 
For full discussions of these and other questions the reader is referred 
to the articles of Koontz and of Holmes Sellers mentioned above. 


Case report 

Maternal history 

Tlie mother, au American aged 20, was 28 weeks in her first pregnancy when 
admitted to hospital on account of acute hydramnios of ten days’ duration. Up to 
that time her pregnancy had been normal and uneventful and she seemed perfectly 
healthy. Paracentesis succeeded in removing only 600 c.c. of fluid mixed with 
blood, so the membranes were ruptured artificially, releasing a large quantity of 
fluid. Ten hours later the patient was delivered of a male child weighing 4 lb. 
6 oz. (2 kg.). The infant was cyanosed and limp, and died in fifteen minutes, 
resi>iration never hardng been properly established . The placenta and membranes 
were expelled spontaneously and were normal except for a small fresh retro- 
placental blood-clot thought to be due to the attempted paracentesis. The 
cord was of a-rerage length but twice the average tluckness. 

Both the patient and her husband gave a negative Wassermann reaction. 
Tire mother was group 0, Rh-negative ; the father group A, Rh-negative. 
There were no known Rb antibodies in the mother’s serum. 


Posi-mortem examination 


The infant was of nonnal size for the 28th week, well proportioned 
and not jatmdiced. Abdominal distension was easily apparent on 
inspection. The stump of the cord was about twice the expected 
thickness. 


When the chest was opened the mediastinum was fotmd to be 
deflected well to the left, apparently by a very large inferior lobe 
of the right lung. The size and position of the right upper and middle 
lobes were normal. The heart lay against the wall of the left chest 
in the region of the axilla, with the coUapsed left lung above and 
behind it and the right lower lobe in front and below. The apparent 
enlargement of the right lower lobe was found to be due to the presence 
of an almost spherical pinkish-grey tumour-like mass (fig. 1), 6 cm. in 
diameter, presenting from the mediastinal aspect of the lobe, which 
was stretched out to form a shell of Ixmg tissue on its anterior, lateral 
and superior aspects. 


The mass had a firm rubbery consistency and was non-crepitant. 
Its surface was studded with rounded elevations up to 0-5 cm. in 
diameter. The cut surface was whitish, relatively bloodless and 
coarsely trabeculated. Inspection with a hand lens revealed a fine 
honeycomb texture between the trabecula, and there were a few 
arge cystic spaces containing clear, sticky fluid. The free surface 
hmour had an investment of visceral pleura continuous 

S t m membrane 

3 notion of the tumour and the lung tissue, it was possible by 
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gentle blunt dissection with, the finger-tip to shell out the mass from 
its investment of lung tissue. Numerous thread-lilie blood-vessels 
passed across between tumour and lung. Careful search revealed only 
one channel of communication between the tumour and the bronchial 
tree. This was a narrow bronchial tube springing from the caudal 
aspect of the right main bronchus elose to its origin from the trachea. 
It was 2 cm. long and its external diameter was considerably less’ 
than that of the bronchi passing to the normal lobes of the lung. 
It was quite patent at its origin but the lumen narrowed as it approached 
the tumour until at the distal end it would only admit a stout hair. 
India ink injected into the bronchus was seen on subsequent microscopic 
section to have entered some of the spaces of the tumour. The bronchus 
was accompanied by a branch of the pulmonary artery. 

Of the other viscera, the heart and great vessels had a few punctate 
hremorrhages on their surface but were otherwise normal. The thymus 
was normal in size and position. The left lung was airless, the upper 
and middle lobes of the right lung partly expanded. The right lower 
lobe, stretched and compressed though it was, also had air in its alveoli. 
The abdominal distension was due to the presence of deep yellow, 
clear fluid in the peritoneal cavity. The liver was very dark, had a 
tense capsule and bled freely when incised. There were no abnormal 
appearances in any of the other organs except for moderate congestion, 
but the tissues of the abdominal wall were obviously cedematous. 
The skull and its contents did not show any abnormal appearances. 
The brain had not yet formed the secondary convolutions. 


Microscopic appearances 

The “ tumour ” was composed of irregular, epitheHum-lined spaces 
separated by a scanty cellular stroma (fig. 2). The spaces varied 
considerably in size and shape and in the nature of their epithelial 
lining. On the one hand there were straight tubules with a regular 
outline indistinguishable from foetal bronchioles. On the other there 
were larger spaces, the outline of which was in-egular, apparently 
because of distortion by pressure of neighbouring structures. Between 
these two extremes were spaces which had an irregular outline because 
of diverticula projecting from their walls, an appearance which strongly 
suggested an attempt at budding and branching. There was no sharp 
line of demarcation between these different kinds of structure ; indeed 
some of the single elongated spaces were obviously tubular at one 
end and cyst-like at the other, with irregular diverticula in between. 
The structures which were regular in outline and resembled foetal 
bronchioles were themselves of two kinds. The larger, which were 
few in number, had a lining of narrow compact columnar cells with 
elliptical nuclei situated more or less centrally. The basement 
membrane was well formed and was supported by a layer of plain 
muscle and some elastic fibres. The other bronchiolar tubules had a 
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smaller calibre and were Uned by a single layer of regular, broad 
cubical cells. The cjdoplasm of these cells remained unstained and 
their nuclei were spherical and situated against the free border of the 
cell (fig. 3). A basement membrane was present in some of the tubules, 
but in others the epithelium lay in direct contact with the surrounding 
stroma. The deformed cyst-like structures and the irregular branching 
cleft-lilve spaces possessed a lining of epithelial cells which was far 
from being uniform. For the most part, especially in the larger 
spaces, the lining was of low cubical cells with clear cytoplasm ; 
elsewhere it was columnar, with central nuclei, and there were 
transitions between the two kinds of cells. There was yet a third 
type of epithelium quite distinct from the other two. Its cells were 
long and cylindrical, their cj-toplasm staining only faintly with eosin, 
their nuclei elliptical in the long axis and situated at the basal end. 
The staining characteristics were also distinct in that the cytoplasm 
stained deeply with mucicarmine, with and with safranin. 

Some of the large spaces, particularly those near the centre of the 
tumour, were completely lined by epitheUum of this type, and in 
these the epithelium invariably’’ covered an area larger than its 
basement membrane, the sheet of cells beiog thro’wn into folds which 
projected into the Irmaen of the ca-vity and sometimes filled it. 3Iany 
of the cells in these circumstances had desquamated into the cavity 
and had undergone degenerative changes. This was particularly 
noticeable where the vesicles were so closely packed together that 
there was little or no intervening stroma. Some adjacent vesicles 
of this type even had a common basement membrane ; others consisted 
simply of a sac formed by the basement membrane and filled ■with 
disintegrated cells. The long basophihc columnar cells were also 
present in some of the spaces lined mainly by cubical epithelium. 
Here they formed papillary tufts projecting into the lumen, with 
cubical cells on either side of them, the transition between the two 
being quite abrupt (fig. 4). Because of the ease ■vrith which the long 
columnar cells could be identified in sections stained ■with hfemalum 
and Pronin (an observation for which I am indebted to jMt S. Nicholson 
of this laboratory) it was possible to trace their development. In 
places in such sections an angular projection of cubical epithelium 
had at its apex three or four slightly larger cells which were basophilic. 
Tliis appeared to be the earliest detectable stage in the development 
of the papillary’^ tufts. 


The stroma of the tiimom: consisted mainly of undifferentiated 
cells with oval or round nuclei. Plain muscle formed an investment 
roimd most of the tubular spaces. Staining with osmic acid and by 
Verhoeff’s method showed that elastic tissue was present round most 
of the epithehal structures. There was no definite evidence of cartilage 
formation. Blood vessels .vere few and poorly differentiated, beW 
mainly capillanes contammg (m cross section) one or two corpuscles. 
In places capillaries could be seen encroaching on the basement 
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membrane of the smaller spaces. There were a few cleft-like lymphatic 
^ channels. The trabeeulss which divided the tumour into lobules were 
'.composed of small irregular cells separated by an unstained matrix. 
"When stained deeply with safranin these cells showed fine filaments 
radiating outwards in all directions into the surroimding matrix, 
' and in many places the filaments formed tangled masses by inter- 
twining with filaments from neighbouring cells. Here and there in 
the trabeculas were thin-waUed vessels, some of which had ruptured, 
allowing blood to escape into the matrix in such a way as to suggest 
that this matrix had been semifluid during life. Sections cut from the 
region between the tumour and the right lower lobe showed that the 
tumour was covered by a thin pseudo-capsule composed of tissue 
similar to that of the trabeculae. This was traversed by many fine 
blood-vessels but not by bronchioles. 

Sections from the lungs showed in general a normal architecture 
but with varying degrees of failure to expand. The other organs 
showed nothing of note. There was no evidence of cystic disease 
in any of them. 

Discussion 

There can be little doubt that the epithelial structures of which 
the mass is composed are of bronchiolar origin. The mass is a space- 
occupying lesion distinct from the lung parenchyma ; it does not 
replace any part of the normal respiratory apparatus and it has its 
own bronchus. It may therefore be regarded as an attempt at the 
formation of an accessory lobe. The position of the mass between 
the right lower lobe and the mediastinum is similar to that of the so- 
called azygos lobe, a structure normally present in quadrupeds and 
sometimes found in man in vestigial form (Keith, 1948). 

The microscopic structmre of the mass is significant when considered 
in relation to the development of the normal lung. In early foetal 
life the lung is composed of branching tubules lined by a single or 
double layer of columnar epithelium and lying in a cellular stroma. 
After the 16th week smaller tubules branch out from the bronchioles 
and end in saccular dilatations. These tubules and their terminations 
are lined by cells which, as Barnard and Day (1937) have pointed out, 
are quite distinctive in appearance and are not normally seen in the 
mature expanded lung. The cells are cubical, arranged with diagram- 
matic regularity, and have clear cytoplasm which remains for the most 
part unstained in hsematoxylin and eosin preparations. The nuclei 
lie against the free border of the cell in the tubular off-shoots, but 
tend to lie more centrally in the dilated terminations. These termina- 
tions are destined to form the mature alveoli. The process begins 
about the 20th week, when capillary loops encroach on the cubical 
epithelium and will later penetrate between the cells, causing the 
vesicles to become transformed into mature though unexpanded 
alveoli. 
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In the “ tumour ” under discussion these tj^es of epithelial 
structure are clearly represented. The tubular offshoots of the foetal 
hroncliioles Tvhich are characteristic of the 19th or 20th uveek of 
foetal life are numerous and many are rrell formed. It is clear that 
the spaces of rrhich the mass is composed are distorted and irregular 
oTergrorrths of these tubules and their dilated terminations. Moreover, 
although the stage of commencing capillary encroachment has been 
reached, in no place is there actual invasion of the epithelium b 3 ' the 
capillary loops. 

It is thus possible to assign to the tumour a “ developmental age ” 
corresponding approximate! j' to the 19th week of foetal life. At this 
stage the progress towards maturity of the epithelial elements must 
have ceased, for there are no structures present which correspond to 
a later period. Proliferation, however, had proceeded in an irregular 
manner, and at such a rate that the mass became larger than any of 
the normal pulmonary lobes. Presumably its growth would have 
ceased had the infant survived for a certain length of time. 

A feature of the trrmour which calls for further comment is the 
presence of the long, mucus-containing coluninar cells which form a 
plicated lining to some of the spaces and occur as isolated tufts in 
others. Such appearances are not normaUj^ found in either the foetal 
or the adMt lung, but they do occur in certain pathological states. 
Thej* are not uncommon, for instance, in chronic inflammatory 
conations such as tuberculosis, bronchiectasis and the pneumoconioses. 
They have been described in the lungs of experimental animals which 
had been subjected to the action of irritants (Gazayerli, 1936), and thej' 
are a characteristic of the disease of sheep known as epizootic pulmonarj’’ 
adenomatosis, jaagsieckte or Montana progressive pneumonia 
(Cowdr^^ and Marsh, 1927 ; Dungal. 1937-38). A similar puhnonar}’- 
adenomatosis has been described in man (Richardson, 1910, case- 
report), while Simon (1947) gives a full bibliography of the disease in 
man and animals. In aU these conditions it is thought that the 
mucus-secreting cells arise by metaplasia of adult alveolar epithelium. 
How thej- can occur in a congenital malformation when there has 
been neither irritation nor infection is a matter for conjecture, but 
the fact that the cells are most numerous at the centre of the tumour 
where the blood supplj’- is poorest is rather suggestive. 


SuiniAny 

A cj'stic hamartoma of the lung in a prematme infant is inter- 
preted as a malformed accessory lobe in which arrest of maturation 
liad occurred at a stage corresponding to the 19th week of foetal 
life mthout diminution in the rate of growth, the resulting mass 
presenting appearances like those of a benign neoplasm. An 

unusual type of metaplasia of the epithelial cells of the hamartoma' is 
described. 
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I am indebted to Dr Eric Wordley, Director of tlie department, for much 
helpful advice and criticism, to Mr Austin Goncanon for the clinical details, 
to Miss J. P. Butler and Mr A. J. Short for the photography, and to Messrs Dford 
Ltd. for the photomicrography. 
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THE EFFECT OF ANTERIOR PITUITARY EXTRACT 
IN ALLOXAN DIABETES 

Robeetsox F. Oghate 
Pathology Department, University of Edinburgh 

(Plates CLn-CLW) 

Dxtsts, Sheeliaii and iMcLetchie (1943) demonstrated how alloxan 
produces selectixe necrosis of the pancreatic islets in the rabbit, and 
a diabetic condition in the same species following the administration 
of this substance was reported by Bailey and Baile}’^ (1943), Hard 
and Carr (1944) and Kennedy and Lukens (1944). T^e permanence 
of established alloxan diabetes was further suggested by the fact 
that Kennedy and Lukens observed the condition over long periods 
up to nine months. Ogilvie (1944, 1944-46), on the other hand, has 
shown that brief treatment of the rabbit with a crude anterior pituitary 
extract, while producing transitory diabetes, results in pancreatic 
islet enlargement to an extent which approximately doubles the 
amount of islet tissue. Alloxan and crude anterior pituitary extract 
are thus diametrically opposed in that they cause respectively 
destruction and growth of the islet tissue in the rabbit. Accordingly 
the idea was conceived of making rabbits severely diabetic with 
alloxan and then administering anterior pituitarj^ extract with a 
view to alleviating the diabetic condition through the pancreotropic 
action of the extract. 


Materials axd methods 

Alloxan (100 mg. per kg. body weight) was given intravenously as a 5 per 
cent, solution in sterile saline to induce a persistent diabetes. The anterior 
pituitarj' extract, prepared by the Glaxo and Organon Laboratories Ltd. 
after the method of Young (193S), was a crude saline product of fiesh ox anterior 
pitviitary glands, made up so that 4 c.c. were equivalent to 1 g. of gland. It 
was tested bacteriologically for sterility, and, although prepared at a point 
near freezing, was thereafter stored at room temperature. The extract was 
given by the subcutaneous route with precautions as to sterility. 

Tlio animals used were English rabbits. They were kept in metabolism 
cages and given daily 150 g. of a mixture of 40 per cent, oats, 30 per cent, bran 
and 30 per cent, maize, 300 g. of cabbage, 15 g. of hay, and water ad lib. The 
cnergj value of this diet was calculated bj- analysing its constitution as regards 
carbohydrate, protein and fat and applying the usual factors 4-1 x9-3. Daily 
measurements included body weight, food consumption, tirinary sugar, vninary 
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volume and, when necessary, blood sugar and urinary ketones. Blood sugar 
was estimated by the Hagedorn-Jensen method, urinary sugar by Cole’s 
method and urinary ketones by the Van Slyke-Deniges method. Blood sugar 
estimations were usually carried out after a 12-hour fast. 

Each pancreas was given double fixation in Helly-Zenker solution and 
cut in paraffin. Sections were stained by a modified hasmatoxylin and eosin 
method. The modification consisted in the interpolation of brief treatment 
with potash alum between two periods of staining with eosin. This, along 
with double fixation, gave good differential staining of the A- and B -cells in 
the islets. The niunbor of islets was estimated by observing the degree of 
separation of the islets, the size of the islets and the proportion of islets consisting 
largely or wholly of A-cells. The size of the islets was gauged by the projection 
technique of Ogilvie (1937) and was based on the examination of 100 unselected 
samples. 

Six rabbits (35, 36, 37, 42, 43 and 45) were made diabetic with alloxan. 
Five of the diabetic animals (35, 36, 37, 42 and 45) were then given anterior 
pituitary extract, while the remaining rabbit (43), a litter-mate of one of the 
treated animals (42), was retained as an imtreated control. 


Results 
Clinical data 

Rabbit 35 (male) had a normal blood sugar of 107 mg. per 100 c.c. 
and with alloxan acquired a blood sugar of 427 mg. per 100 c.c. and 
glycosuria of 14 per cent.* The animal then received six courses- 
of anterior pituitary extract at average intervals of 25 days. Each 
treatment lasted 10-15 daj^s and the extract given daily was equivalent 
to 0-5 g. of anterior pituitary gland per kg. body weight. Three 
courses incidentally increased the diabetes, while two produced no 
concurrent change and one, the fifth, was accompanied by almost 
complete disappearance of the glycosuria. The augmented diabetes 
returned to its former level after the earlier courses, but the fifth 
treatment was followed by a sugar-free period of 3 days with a blood 
sugar of about 120 mg. per 100 c.c. The glycosuria then reappeared 
and rose to 14 per cent. The sixth course led to a blood sugar of 
438 mg. per 100 c.c. and glycosuria of 19 per cent. The sugar -free 
period was characterised by a slightly reduced diet, an increased body 
weight and an augmented urinary volume. 

Rabbit 36 (male) had a normal blood sugar of 119 mg. per 100 c.c. 
After alloxan it exhibited a very acute diabetes, necessitating temporary" 
control by insulin. Later it recorded a blood sugar of 400 mg. per 
100 c.c. and glycosuria of 27 per cent. The animal then received 
five courses of extract at average intervals of 23 days. Each course 
lasted 10-18 days and the daily dose was equivalent to 0-5 g. anterior 
lobe per kg. body weight. The five courses concurrently increased 
the diabetes, were never followed by improvement, and ended with 
a blood sugar of 497 mg. per 100 c.c. and glymosuria of 26 per cent. 


* This figure refers to the percentage of dietary polysaccharides excreted in the 
urine over a 24-hour period. 
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Ralibit 37 (male) had a normal blood sugar of 146 mg. per 100 c.c. 
and wtb alloxan developed a blood sugar of 400 mg. per 100 c.c. 
and glycosuria of 21 per cent. The animal then received five courses 
of extract at average intervals of 22 days. Each treatment ■was of 
12 days’ duration and consisted in the daily administration of 0-5 g. 
anterior lobe per kg. body weight. All the courses except the third 
were accompanied by increased glycosuria. The first treatment had 
no subsequent influence on the diabetes, but the next two courses 
together induced a blood sugar of 154 mg. per 100 c.c. and glycosuria 
of 1 per cent. The last two treatments were followed by a blood 
sugar of 373 mg. per 100 c.c. and glycosuria of 26 per cent. The 
reduction of the glycosuria to 1 per cent, was accompanied by normal 
diet, body weight and urinary volume. 

Rabbit 42 (female) had a normal blood sugar of 167- mg. per 
100 c.c. and after alloxan developed a blood sugar of 420 mg. per 
100 c.c. and glycosuria of 26 per cent. (fig. 1). It then received five 
courses of extract starting on the 30th, 59th, 87th, 123rd and 309th 
days. Each treatment lasted 10 days except the fourth, which was 
for 3 days only, and the daily dose of anterior lobe varied between 
0-125 and 0-5 g. per kg. body weight. Each of the five courses brought 
about an incidental increase of the diabetes. The first course of 
treatment was not followed by improvement, but the next two courses 
resulted on the 120th day in a blood sugar of 172 mg. per 100 c.c. 
and no glycosuria. The glycosuria, however, reappeared on the 
121st day and slowly increased to 22 per cent, on the 278th day. The 
fifth course finally led to a blood sugar of 350 mg. per 100 c.c. and 
glycosuria of 30 per cent. The sugar-free period on the 120th day 
was accompanied by normal diet, body weight and urinary volume. 

Rabbit 45 (male) had a normal blood sugar of 139 mg. per 100 c.c. 
and with alloxan acquired a blood sugar of 453 mg. per 100 c.c. and 
glycosuria of 28 per cent. (fig. 2). It then received twelve courses of 
extract at intervals of 10-70 days (average 30 days). Each treatment 
lasted 10-20 days and the daily amoimt of anterior lobe varied between 
0-125 and 0-75 g. per kg. body weight. The twelve courses were 
divisible into two groups according to whether they incidentally 
had no influence upon or aggravated the disease. The first treatment 
had no effect on the diabetes, but the condition was afterwards 
modified by all except one of the other eleven courses. The modifica- 
tion consisted of an initial reduction in blood sugar, glycosuria and 
urinary volume and an increase in body weight, and "a secondary 
change in the reverse order in each of these factors. The result was 
a fall in the glycosuria to 4 per cent, or less after nine of the courses 
mid disappearance of sugar from the urine after four treatments 
Three of the sugar-free periods were for one day only, but the fourth 
jasted 22 days. Each of the periods, moreover, was characterised 
by a nonual blood sugar and urinarj- volume, a moderately reduced 
diet and a normal or increased body weight. On the oOTth day the 
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animal had a blood sugar of 255 mg. per 100 c.c. and glycosuria of 
11 per cent., but, if left, would probably have risen to much higher 
levels. 



RalDbit 43 (female), a litter-mate of rabbit 42, was used as an 
untreated control. It had a normal blood sugar of 139 mg. per 100 c.c. 
and, after the same amount of alloxan per kg. body weight as was 
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Histological data 

These refer to the pancreatic islets and ducts as follows : — 

1. Number and size of islets. Each animal of the series, particularly 
rabbit 36, showed a marked reduction in the number and size of its 
islets. No exact numerical estimate was made of the amount of 
diminution, but a measure of the reduction dimensionally is given 
for rabbits 42 and 43 in the section on regeneration {vide infra). 

2. Atrophy of islets to groups of A-cells. This condition expressed 
itself in various stages. Thus some islets were made up of A- and 
B-cells in about equal proportions, while others consisted mostty or 
wholly of A-cells (fig. 5). The A-cells, moreover, having become 
relatively increased, tended to be localised in one or two distinct 
groups and, both in such collections and in purety A-cell islets, were 
usually arranged according to one or other of several patterns. One 
grouping showed a core of polyhedral elements enclosed by columnar 
cells with basally placed nuclei. Another consisted in a single row 
of columnar cells with the nuclei arranged along one side, while still 
others comprised two rows of columnar cells with the nuclei situated 
centrally or peripherally. The proportion of purely A-cell islets 
varied between 7 per cent, in rabbit 45 and 28 per cent, in rabbit 36, 
with an average of 18 per cent. The A-cells were histologically normal 

3. Hydropic degeneration of B-cells. Such damage Avas manifest 
in replacement of the cytoplasm and granules of the cells bj'’ serous 
fluid (fig. 6). Loss of this material often occurred during preparation, 
causing the cells to appear finely vacuolated or as a clear space with 
a nucleus and bounding membrane. Serous replacement, eA^en when 
advanced, was not always accompanied by enlargement. The cells, 
however, were often swollen and occasionally reached some six times 
the normal average size. The nucleus m normal or shghtly enlarged 
cells retained its usual position, but in markedly sAvoUen cells Avas 
often pushed to one side. Hydropic change Avas observed in more 
than 90 per cent, of the B-cell islets in rabbits 35, 36, 37 and 43 and 
rather less than 50 per cent, in rabbits 42 and 45, being graded as 
moderately severe and relativel 3 '- slight in the two groups respecthmly. 

4. Itegeneration of islets. This phenomenon Avas evidenced by 
enlargement, budding, and the formation of new islets from duets. 

(a) Enlargement. The average area of the islets in rabbit 42, 
in control rabbit 43 and as the mean of 10 normal rabbits was in the 
order of 0-62, 0-42, and 1-02 sq. cm, respectively (figs. 3 and 4). In 
other words, the islets of the treated animal, although still abnormally 
small, were on average 48 per cent, larger than those of the untreated 
rabbit. 

(b) Budding. Islets sometimes attracted attention by reason 
of their irregular or even bizarre configuration (figs. 7-9). Thus they 
occasionally consisted of three or four small masses clustered together 
or arranged in a row and attached broadly or only at points. The 



Fig. 3. — ^The upper, middle and lower Fic. 5. — Rabbit 3.o. Tins pancreatic islet consists 

groups each represent 100 imselected wholly of darkly stained A-cells and, as indicated 

islets taken respectively from the by the irregular shape and numerous nticlei, 

pancreas of untreated rabbit 43, probably shows regeneration. Hiemato'cyhn and 

treated rabbit 42 and a normal posm. x 32.’). 

rabbit. The islets of rabbit 42, 
although smaller than normal, 
average more than those of rahhit 
43. X 40. 



I K. 0 IbiUhit .( 1 , The islet shon-s Indropip 
d.vonenuimi of manj B ceils and a 'eentral 
group of dnrkh ..tamed normal A-re)l>. H. 
mu! n. N tO'i. 



Fig. 7.— Rabbit 47. Tlie idet exhibits 
budding and early hjdropie degeneration 
of occasional B relK. H. anti E. x 200. 
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interpretation was that in these instances insular enlargement had 
taken place not so much circumferentially as by focal outgrowth. 
Such irregular islets mostly consisted of B-cells only or of a naixture 
of A- and B-cells. Purely A-cell islets were rarely abnormal in shape. 
Budding of B-cell islets with or without A-cells was observed in 
rabbits 35, 37, 42 and 45 to the extent of 5 or 6 per cent, of the B-ceE 
islet population. The regenerating islets in rabbits 35 and 37 , moreover, 
were respectively always or mostly hydropic, usually in moderate 



Pig. 4. — The columns indicate the average insular area in sq. cm. of the same three- 
groups of 100 unselected islets as are shown m fig. 3. X 160. 


or severe degree. On the other band, the budding islets in rabbit 42 
were normal and slightly or moderately hydropic in about equal 
proportions, while those in rabbit 45, although usually hydropic, 
were mostty so affected in only slight degree. Regeneratinw A-ceE 
islets were very occasionaUy found in rabbits 35, 36, 37, 43 and 45. 

(c) New islets irom ducts. Ro related islets and ducts were 
observed m rabbits 36, 43 and 45, wiule rabbits 35, 37 and 42, in 
nearly the same amount of material, included respectively three, 
three and five examples of contiguous islets and ducts (figs. 10 and 11). 
Row t le normal rabbit pancreas verj- rarely shows any apposed islets 
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and ducts. Accordingly, a normal relation of islets and ducts was 
regarded as obtaining in rabbits 36, 43 and 45, whereas in rabbits 35, 
37 and 42 the picture was interpreted as showing a growth of new 
islets from the ducts. These new units arose from the intralobular 
charmels, had sometimes budded into other masses, and apparently 
consisted wholly of B-eells. They were hydropic in rabbits 35 and 37 
but structurally normal in rabbit 42. No mitotic figures were found, 
either in enlarged pre-existing islets or in islets recently derived from 
ducts, and no local proliferation of the intralobular ducts was present 
in any pancreas. 

5. Hydropic degeneration of ducts. This condition was characterised, 
as in the islets, by serous swelling of the lining epithehum wuth nuclear 
displacement (figs. 10 and 12). It was found in both the interlobular 
and intralobular ducts, principally the latter, aflPeeting anything 
from single cells to long segments, and was either gradual or abrupt 
in its appearance. The condition was more marked in rabbits 35, 36, 
37 and 43 than in rabbits 42 and 45. 

DisonssioN 

Four of the five alloxan-diabetic rabbits (35, 37, 42 and 45), after 
var3nng amounts of treatment with anterior pituitary extract, showed 
evidence of improvement in their clinical state. This was sti’ikhig 
in that marked hj^ergtycaemia and glycosuria were replaced by an 
almost normal or eompletelj'- normal blood sugar and urine. The 
recovery, however, was transitory, and was followed by a reappearance 
and increase of the diabetic state. The administration of further 
extract did not subsequently influence the severity of the condition 
in rabbits 35, 37 and 42, whereas rabbit 45 continued to improve 
and regress after each of several more treatments. The four animals 
finally were — or would have become — as severely diabetic as they 
were before treatment with the extract. 

Whether the temporary improvement of the four animals was 
spontaneous or due to the effects of the extract may be determined 
from the following facts. First, the litter-mate rabbits 42 and 43 
were made equally diabetic with alloxan. Left untreated, rabbit 43 
never recovered and indeed became progressively more diabetic. 
With extract, rabbit 42, on the other hand, improved to the extent 
of having no gtycosuria for one dajq thereafter remaining permanently 
less diabetic than rabbit 43. Second, the fact that rabbits 35, 37, 
42 and 45, after becoming almost or completety sugar-free on one 
or more occasions, subsequently relapsed, indicates that the animals 
had an inherent tendency to remain diabetic and consequently exhibited 
no capacity for spontaneous recovery. Third, alloxan-diabetic rabbits 
having blood-sugar levels comparable with those of the present series 
were noted bj^ Kennedjr and Lukens to remain without improvement 
for so long as thej'^ were kept under observation up to a maximum 
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of nine months. Fourth, the manner in which improvement followed 
soon after a given treatment was a feature of all four animals and 
particularly of rabbit 45, which promptly responded to each of 10 
out of a total of 12 courses. Such a relationship obtaining in different 
animals and indeed often in the same rabbit could scarcely be fortuitous. 
On the basis of these facts, the transitory improvement wliich ensued 
in the four alloxan-diabetic rabbits with treatment may justifiably 
be regarded as an effect of the pituitary' extract. 

The probable mechanism whereby anterior pituitary extract 
temporarily improved four alloxan-treated animals is revealed in 
the difference between their pancreatic islets and those of the treated 
but unresponsive rabbit 36 and the untreated rabbit 43. All the 
rabbits showed degeneration of their islets, but regeneration of islet 
tissue was evident only in animals which recovered transitorily with 
treatment. The degenerative changes consisted of a reduction in 
the number and size of the islets, atrophy of the islets to groups of 
A-cells, and hydrops of the B-ceUs. The first two of these were 
immediate effects of the alloxan in destroying the B-cells, while the 
third is regarded as due to the prolonged hyperglycmmia (Kennedy 
and Lukens). Support is given to this last view by the present 
investigation in that the hydropic state of the B-ceUs was more 
marked in association with the persistently higher ghmsemias. 
Regeneration of the islets as indicated by marginal budding and 
suggestive new growth from the ducts was confirmed by the islets 
being on the average larger in treated rabbit 42 than in its untreated 
litter-mate 43. A similar enlargement of the islets foUowing treatment 
with pituitary extract was observed in rats by Richardson and Young 
(1937-38) and in normal rabbits by OgUvie (1944, 1944-46). who in 
one animal also noted (1944) proliferation of the small pancreatic 
ducts and differentiation of new islets therefrom. Further, ilarks 
and Young (1939, 1940) have shown that the treatment with extract, 
which in rats doubles the amount of islet tissue, also produces twice 
the quantity of extractable msuliu. Such effects on the pancreatic 
ducts and islets and on the insuhn content have been attributed to 
a pancreatropic factor in the extract (Ogilvie, 1944). This factor, 
by increasing the islet tissue and available insulin, may consequently 
be regarded as responsible for the temporary recovery, in the present 
work, of four of the five treated aUoxan-diabetic rabbits. 

The improvement of the four rabbits ensued despite the more 
severe diabetes accompanying the administration of extract. The 
explanation is that the augmented condition during treatment was 
due to the prepared diabetogenic influence of the extract, while the 
pancreatropic factor, acting through the above mechanism, was 
naturally longer in coming into play and then was aided by the 
diabetogenic action having ceased to operate. On the other hand 
the reason for the failure of rabbit 36 to improve with treatment 
undoubtedly lay m its islet tissue having been so depleted bv the 

j rmi mcT — rot. t\i ~ 
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alloxan treatment as to be overstrained by the diabetogenic influence 
and consequently incapable of responding to the pancreatropic action 
of the extract. Finally, the temporary character of their recovery 
points to the limited sensitivity of the four responsive animals to the 
pancreatropic factor, while the way in which three of them failed to 
respond beneficially to treatment after temporary improvement 
suggests an actual loss of sensitivity to its action. 

The present investigation is a corollary to the administration of 
alloxan to animals which have been (or were subsequently) subjected 
to hypophysectomy. Such experiments have been carried out by 
Duff and Starr (Duff, 1945), Gaarenstroom (1946-48), and Bailey 
et al. (1947), and indicate that alloxan has then little or no diabetogenic 
effect. The suppression of diabetes in the hypophysectomised- 
aUoxanised animal, of course, is comparable with the ameliorating 
effect of hypophysectomy in animals made diabetic by pancreatectomy 
(Houssay and Biasotti, 1930). These findings imply, and receive 
support from the fact, that anterior pituitary extract given to the 
present aUoxan-diabetic animals often increased their diabetes. The 
temporarily beneficial effect of the extract in four animals, however, 
could not have been adduced from these experiments and has here 
been attributed to the limited sensitivity of the rabbit to the pancrea- 
tropic action of the extract. 


Summary 

I 

1. Six rabbits were made severely diabetic with alloxan. Five 
of them were then treated with crude anterior pituitary extract, 
while the sixth — a Utter-mate of one of the treated animals — Avas 
kept as an untreated control, 

2. Four of the treated rabbits improAmd markedlj'^. Recovery, 
however, was but temporary, and during the succeeding diabetes 
further extract did not influence the condition in three of the animals. 
The fourth continued to show improvement and regression after each 
of several additional courses of treatment. 

' 3. Finally the five treated animals were, or obviously would have 
become, as severely diabetic as before treatment with extract. The 
control rabbit did not recover. 

4. The pancreatic islets of both treated and control rabbits showed 
a reduction in number and size, atrophy to groups of A-cells and 
hydropic degeneration of B-cells, while the islets of the four rabbits 
which recovered temporarily with extract exhibited regeneration 
as well, as evidenced by enlargement and budding of the islets and a 
suggestive growth of new islets from the ducts. 

5. Hydropic degeneration of the B-ceUs was more marked in 
association with the persistently higher glycsemias. 

6. Hydropic degeneration rvas noted in the small pancreatic ducts 
of all the diabetic animals, whether treated or not. 
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7. The temporary' improvement of the four treated alloxan- 
diabetic rabbits is attributed to the pancreatropic action of the 
pituitary extract. 

I ■wish to thank Professor A. Murray Drennan for his interest and ad\ice, 
Genatosan Ltd. for a supply of alloxan, Glaxo Laboratories Ltd. and Organon 
Laboratories Ltd. for generous quantities of crude ox anterior pituitary extract, 
Mr T. Allison for the biochemical estimations and Mr T. C. Dodds for the 
photomicrographs. 
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ANALYSIS OF THE EFFECTS OF ^^'DICHXORO- 
DIETHYLMETHYLAMINE HYDROCHLORIDE 
AND OF FORi^'IALIN ON THE \^^IGHT OF THE 
LYIMPHOH) ORGANS OF INTACT AND ADRENAL- 
ECTOmSED mcE 

J, S. Robertsox 

Tht Sir William Dunn School of Pathology, Oxford 

The great destructive and depressant effect of ^^'dichlorodiethylmethj lamine 
hydrochloride (nitrogen mustard) on the bone marrow and lymphoid organs 
has been established by numerous experimental investigations (Gilman and 
Philips, 1946 ; Kindred, 1947 ; Cameron et ah, 1947 ; Graef et al., 1948) as 
well as by clinical trials in man (Rhoads, 1946 ; Ukinson and Fletcher, 194 <). 
The effects of this vesicant include widespread cellular destruction, usually 
with pyknosis, in the hsemopoietic tissues, accompamed by prominence of 
large phagocytes which are active in clearing away cellular debris. The rate 
of mitosis is decreased (Bandred). There is also a fall in the output of lympho- 
cytes from the thoracic duct and a decreased production of neutrophils in the 
bone marrow (Cameron et al.), resulting in lymphocytopema and neutropenia 
in the circulating blood. 

Kindred has drawn attention to the resemblance of the lymphocytopenia 
and degenerative changes produced by the nitrogen mustards in the lymphoid 
organs to those produced by the non-speciflc agents which cause the “ alarm 
reaction ’’ of Selye (Selye, 1936a and b, 1937, 1946) and to those reported to 
follow injections of pituitary adrenotropic hormone and adrenal cortical extracts 
(Dougherty and Wliite, 1945). Evidence has been produced by Selye (1936o 
and b) and Leblond and Segal (1933 a and b) that the degenerative changes in 
the Ijmphoid organs in the alarm reaction are considerably less marked in 
adrenalectomised animals. Adrenalectomy also prevents involution of the 
lymphoid organs of animals treated with pituitary adrenotropic hormone 
(Simpson et al., 1943 ; Dougherty and MTiite, 1943). In the case of animals 
treated with nitrogen mustard there is evidence of increased activity (enlarge- 
ment and depletion of lipoid) of the adrenal cortex (Kamofekj' and Graef, 
1942-43, xmpublished data quoted by Kindred ; Ludewig and Chanutin, 1946 ; 
Kindred, 1947). Kamofskj*, Graef and Smith (1946) found, however, that 
the same degenerative changes occurred in the lymphoid organs of adrenal- 
cctomised animals poisoned with ^jS'dichlorodiethylmethylamine hydrochloride 
as occurred in the non-adrenalectomised controls, although the effect was 
possibly less severe. Kindred also concluded that the nitrogen mustards 
produced at least part of their effect on the lymphoid organs by direct action 
not mediated tlirough the adrenals. 

Tie results of quantitative experiments on lymphoid tissue must be evaluated 
vririi considerable care, as the factors which influence its amount are numerous 
and complex. The state of nutrition of the animal, for example, is of great 
importance, the Ij-mphoid organs becoming veiy small in starved animals. 

J. VATH. PACT.— -TOl, 1X1 CtQ 
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The thymus is especially sensitive to inanition (Hammar, 1905; Jonson, 
1909 ; Levin, 1912 ; Jackson, 1916 ; Stewart, 1916 ; Andreasen, 1943 ; 
Reinhardt, 1943). The lymph nodes, though less sensitive to starvation than 
the thymus, also quickly diminish in size (Heilman, 1913-14 ; JoUy, 1914 ; 
Jackson, 1925 ; Andreasen, 1943) ; so also does the spleen (Helhnan, 1925-26 ; 
Andreasen, 1943). Certain vitamin deficiencies are also known to cause 
regression of lymphoid organs (Cramer et al., 1921 ; Uotila and Simola, 1938 ; 
Stoerk, 1946). 

The amount of lymphoid tissue also varies with the age of the animal. 
This question has been exhaustively investigated by Heilman (1913-14) in 
the rabbit, and reduction in size of the l 5 miph nodes with age was known by 
the older anatomists to occur in man (von Haller, 1778 ; Bichat, 1801 : both 
cited by Helhnan, 1913-14). The proportion of splenic lymphatic tissue in 
man has also been found to vary with age (Hwang et al., 1938). 

Endocrine influences are of considerable importance in relation to the 
weight of the l 3 rmphoid organs. The thymus becomes smaller during pregnancy 
(Calzolari, 1898-99 ; Henderson, 1904 ; Goodall, 1904-05 ; GeUin, 1909-10 ; 
Persike, 1940) and imder the influence of pituitary or gonadal sex hormones 
(Chiodi, 1940 ; Persike, 1940 ; Ross and Korenchevsky, 1941 ; Reinhardt 
and Wainman, 1942). Adrenalectomised animals manifest enlargement of 
the thymus (Jaffe, 1924 ; Reinhardt and Holmes, 1940 ; Gregoire, 1943), 
while intact animals injected with pituitary adrenotropic hormone show thjmic 
involution (Ingle, 1938 ; Evans et al., 1938 ; Dougherty and White, 1943 ; 
Simpson et al., 1943), as do intact or adrenalectomised animals injected with 
adrenal cortical extracts (Ingle, 1938 ; Ingle and Mason, 1938 ; Wells and 
Kendall, 1940 ; Heilman and Kendall, 1944). 

On the other hand there is experimental evidence (Utterstrom. 1910 ; 
Courrier, 1921 ; Chiodi, 1940 ; Eeinhardji and Wainman, 1942) that the thyroid 
hormone opposes, though not powerfully, the depressant action on the lymphoid 
organs exerted by the gonadal and adrenal cortical steroids. This confirms 
the experience of students of human disease, who have reported the frequent 
finding of enlargement of the thymus (and lymph nodes) at autopsy in persons 
dying with hyperthyroidism. 

Lymphoid tissues other than the thymus respond in a similar manner, 
though less notably, to the administration of hormones. Thus oestrogens cause 
involution of Ijmiph nodes (Cramer and Homing, 1939 ; Chiodi, 1940 ; Reinhardt 
and Wainman, 1942), as usually does adrenal cortical extract (Dougherty and 
"Vniite, 1943). However, in some experiments reported by Yoffey et al. (1946) 
it was fovmd that prolonged administration of an adrenal cortical preparation 
in the rat caused hyperplasia of the lymph nodes, although the same preparation 
in the cat caused a fall in the number of lymphocytes issuing from the thoracic 
duct. Another tmusual finding (Dmochowski and Homing, 1947) was that 
prolonged painting of the skin of male mice of two inbred strains with 0-01 per 
cent, ketohydroxyoestrone in chloroform produced, in a small proportion of 
the animals, considerable hyperplasia of the thymus and lymph nodes, with 
evidence of local invasiveness. However, in many of the mice which did not 
manifest this type of hyperplasia the thymus was smaller than normal. 

The present investigation was undertaken to study in more detail 
the effect of adrenalectomy on the involution of the lymphoid tissues 
in animals poisoned with ^^^dichlorodiethylmethylamine hydro- 
chloride, contrasted with the effect of formahn. Subsidiary objects 
of the work were to investigate the relationship of the response of the 
individual lymphoid organs to that of the Ijmiphoid tissue as a whole, 
to determine whether any sex differences were demonstrable and 
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whether different responses occurred in animals subjected to identical 
experimental procedures but on successive occasions. 


JLwekial axtj seethods 

Two experiments were performed. In expt. 1 the effect of the nitrogen 
mustard was studied, in expt. 2 the effect of fonnaim. 

Experiment 1 

Sixty mice of a stock inbred laboratorj- strain were used. They were aged 
7 weeks', and half were males and half females. The mean weight was 21-4i;0-2 g. 
They were selected in 12 batches (subgroups) of 5 animals of the same sex 
from the larger stock batches of 10-12 animals by choosing those in wliich 
the bodv weight most nearly agreed with an arbitrarily fixed value {21-0 g.). 
In this laboratorj- batches of animals are made up by combining 2 or 3 litters 
of weanlings as soon as they are removed from the mothers. The animals 
selected were given an intraperitoneal injection of 0*1 ml. of 0*o per cent, 
pontamine blue to mark the Ij-mphoid organs. The 12 batches or subgroups, 
each of 5 animals, were then allotted at random to the 12 subgroups of the 
experimental plan. This plan is shown in table I- In it are set out the subgroup 
means, each with its standard error, of the crude experimental data. 

On the following day the appropriate 20 animals, comprising 2 subgroups 
of males and 2 of females, the 4 subgroups together constituting a “ series ”, 
were anresthetised with ether, the skin of the back was shaved and swabbed 
with 70 per cent, alcohol, and both adrenals were removed with small ring 
forceps through Imnbar incisions which were then closed with interrupted 
silk sutures. A further series of 4 subgroups served as “ sham-operated ” 
controls. In these animals the operative procedure was identical, the peritoneal 
camty being entered on both sides, but rhe adrenals were not removed. The 
remamiog series of 20 animals served as normal controls. 

After operation the animals were fed on standard rat cake, with unlimited 
drinking water. The adrenalectomised animals were given 1 per cent. KaCl 
to drink instead of plain water. 

On the day after operation half the mice from each series, 30 in all, were 
injected subcutaneously with p^'dichlorodiethyhnethylamine hydrochloride 
in a dose of 1 mg. per kg. Fom* animals, one from each of the subgroups of 
the adrenalectomised series, died during the foUowing three days. These animals 
were discarded from the experiment. The 56 sur^dvors were killed with coal 
gas after an experimental period of 72 hours from the time of injection of the 
vesicant. The abdomen and thorax of each mouse was opened and the skin 
reflected from the ventral surface to expose the superficial h-mph nodes — 
ceridcal, axillary and inguinal. The animal was then pmned out on a card 
and fixed whole in 10 per cent, aqueous formalin for at least 7 days. 

Using a binocular dissecting microscope (x7) aU the h-mph nodes were 
dissected out and re-fi-xed in groups in fresh formalin. Superficial cervical, 
deep cervical, axillar}-, inguinal, mediastinal, renal, mesenteric, para-aortic 
and iliac groups were identified, carefully freed from fat and fascia and removed. 
The nodes were found to be remarkably constant in position, number and 
size— even in shape— from animal to animal. The previous injection of 
pontamine blue facilitated the identification of even very small nodes. At 
the same time the tln-mus and .spleen were removed and all 'the Fever’s patches, 
the latter by a circumferential incision as close as possible to the margin of the 
i\TOphoid nodule. The peritoneum and mucosa were left attached to tlie patch. 
It was not po=>ihle to remove every one of the solitar 5 - h-mphoid follicles of the 
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colon, as many of them were very small. The largest of these follicles, however, 
were removed in the same fashion as the Peyer’s patches. 

After re-fixation in fresh formalin all tissues were lightly blotted to remove 
external fluid, and weighed on a small torsion balance to the nearest mg. The 
weighings were all carried out by one person, and in as uniform a manner as 
possible. After being weighed, the organs were returned to formalin and prepared 
for histological study. 


Table I 

Plan of expt. 1. Means of subgroups (5 animals per subgroup, 
except in adrenalectomised series) 



Injected wth N-mustard 

ICot injected 

Standard error 

Males 

Females 

Males 

Females 


^ a 

21-48 

20-50 

19-84 

22-06 

0-53 


b 

22-66 

20-92 

22-20 

23-18 

0-58 


c 

75-2 . 

90-2 

100-8 

105-6 

8-0 

Normal 

d 

15-4 

15-4 

31-6 

27-0 

3-10 


e 

189-0 

181-0 

266-6 

213-6 

20-8 


f 

104-2 

92-8 

114-6 

65-0 

12-9 


9 

285-2 

334-0 

356-4 

327-6 

26-2 


f ® 

19-66 

20-56 

20-70 

20-98 

0-53 


6 

21-74 

20-56 

21-22 

21-80 

0-58 


c 

79-8 

55-6 

72-2 

97-0 

8-0 

Sham-operated • 

d 

13-8 

13-4 

24-8 

30-4 

3-10 

e 

159-8 

149-2 

136-4 

193-4 

20-8 


f 

74-6 

56-0 

51-2 

67-2 

12-9 


y 9 

252-2 

209-2 

243-0 

300-8 

26-2 


( “ 

20-48 

19-86 

21-46 

21-46 

0-59 


6 

20-45 

20-30 

20-65 

20-15 

0-64 


c 

83-0 

60-25 

76-0 

87-25 

9-0 

Adrenal- 

d 

21-25 

23-5 

31-75 

37-75 

3-5 

ectomised * 

€ 

183-75 

137-75 

203-5 

229-75 

23-2 


f 

93-25 

59-25 

89-75 

60-75 

14-4 


9 

287-0 

213-75 

268-75 

295-25 

29-3 


а. Initial body weight (g.). 

б. Final body weight (g.). 

c. Superficial lymph nodes (mg.). 

d. Thymus (mg.). 

e. Gross weight of spleen (mg.). 

/. Estimated weight of splenic lymphoid tissue (mg.). 
g. Estimated weight of total lymphoid tissue (mg.). 


* Four animals per subgroup. 


An approximate estimate of the proportion of the total splenic w'eight 
which consisted of lymphoid tissue was made by projecting with a lantern the 
image of a stained median longitudinal histological section of the organ on 
paper, tracing the outline of the whole section and of the contained lymphoid 
nodules, and subsequently estimating by planimetry the proportion of the 
whole area made up of Ijmiphoid areas. The gross weight of the spleen was 
then multiplied by this fraction. 

A similar estimate of the weight of the lymphoid tissue in the Peyer’s patches, 
which were weighed with the mucosa and peritoneum attached, was made by 
dividing the weight of the composite tissue by two, as preliminary experiments 
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hy projection and planimetry bad shown that approximately half of the tissue 

was made up of lymphoid tissue. . , , ^ 

By these means an estimate was obtained of the total weight of the lymphoid 
tissue, excluding the thymus, after its fixation in formalin. 


Experiment 2 


In this experiment 96 mice, 48 of each sex, were used. They were of the 
same strain as those used in expt. 1. Their ages ranged from 8 to 10 weeks, 
but those used in each of the three stages were of the same age ; approximately 
8 weeks in stage (a), 9 weeks in stage (6) and 10 weeks in stage (c). The plan 
of this experiment is sliown in table II. The experiment was performed in three 
stages at weekly intervals, for two reasons : — (i) the large number of animals 
employed made a single stage experiment impracticable ; (ii) information was 
desired as to whether significant differences existed between the weights of 
the Ijmphoid organs of different batches of animals from the same strain, 
when subjected to identical experimental procedures but on successive 
occasions. 

In expt. 2, as in expt. 1, there were two “treatments” — “injected with 
formalin ” and “ not injected ”. The dose of formalin used was 0-4 ml. of 
10 per cent, aqueous solution per 100 g. body weight. This was given once 
daily, subcutaneously, on each of three successive days. 

There were 4 series, each of 24 animals, as under. |1) Normal. (2) 
Ancesthelised. These animals were amesthetised with ether for 15 minute, 
this being the approximate period of anaesthesia occupied by the operative 
procedures in the other two series. This series was used to study any effect 
of the anaesthesia as such on the weight of the lymphoid oigans. (3) Sham- 
operated. These animals were aniesthetised with ether, the skin of the back 
shaved and painted with acnflavine and the abdomen opened on both sides 
in the lumbar region. The adrenals were not removed. (4) Adrenaleclomised. 
In these animals the adrenals were removed by the method already described. 
One ml. of 5 per cent, dextrose in 0-9 per cent. KaCl containing 400 units of 
crystalline sodium peniciUin pier ml. was introduced into the peritoneal cavity 
of each of the sham-operated and adrenalectomised animals. It was found 
that this infusion was of veiy considerable benefit in the adrenalectomised 


animals, maintaining them in better condition than in expt. 1 in which it was 
not used. For the adrenalectomised mice 5 per cent, glucose-saline was provided 
for drmking during the first post-operative day ; thereafter 1 jier cent, saline 
without glucose. The diet for all animals was standard rat cake as in expt. 1. 

In each stage, as shown in table 11, 32 animals, 16 of each sex, were used. 
AU the mice were of approximately equal body weight, and pairs were allotted 
at random to the “ series ”, “ treatment ” and “ sex ” subgroups of the experi- 
mental plan. On the first day the animals were each injected with 0-1 ml. of 
■0-5 per cent, pontamine blue to mark the lymphoid organs. On the second 
day the operations and the administration of ether were carried out. On the 
morning of the tliird day injections of formalin were begun and repeated on 
the two subsequent days. On the afternoon of the fifth day, seven hours after 
the third and last injection of formalin, the animals were killed with coal gas, 
the abdomen and thorax of each opened, and the skin reflected from the ventral 
surface to expose the superficial lymph nodes. The animals were then pinned 
out on cards as in expt. 1 and fixed whole in 10 per cent, aqueous formalin for 
at least 7 daj-s. 


The second and third stages of the experiment were carried out in the same 
^y. The IjTnpboid organs were dissected out and weighed on the torsion 
balance ns m ex-pt. 1. Two animals died during the course of expt. 2 : both 
had been adrenalectomised. To facilitate the computations, estinmted values 
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were inserted for the numerical data that would have been furnished bj’ these 
animals. Two degrees of freedom were deducted to allow for the bias introduced 
into the analysis of variance b3' the missing values. 

Tabm: II 

Estimated total lymphoid tissue (mg.) of animals of expt. 2 



Stage 

Injected with formalin 

Not injected 

jMalcs 

Females 

Males 

Females 

Normal 

a 

327 

209 

289 

276 



303 

289 

277 

190 


h 

248 

180 

387 

250 



167 

211 

259 

241 


c 

206 

238 

244 

253 



170 

190 

274 

247 

Ansesthetised 

a 

275 

225 

267 

293 



343 

236 

351 

212 


b 

164 

321 

327 

197 



212 

229 

329 

172 


c 

221 

236 

265 

221 



188 

187 

260 

269 

Sham-operated 

a 

341 

229 

397 

242 



165 

210 

243 

202 


b 

219 

142 

330 

307 



194 

171 

396 

143 


c 

135 

174 

168 

184 



167 

119 

187 

184 

Adrenaleotomised . 

a 

(378) * 

303 

406 

279 



378 

218 

307 

212 


b 

409 

312 

341 

251 



460 

285 

263 

201 


0 

278 

253 

276 

302 



232 

241 

281 

(302*) 


• Estimated value. 


Analysis of ebsllts 

The full numerical results obtained are shown in tables which 
have been deposited ivith the librarian, General Library, British 
Museum (Natural History), London, S.W.7. Some averages derived 
from these data are shown in tables I and ITT 

The series of analyses of variance of the weights of the component 
organs of the lymphoid system and of the total lymphoid tissue are 
not shown in extenso for reasons of space. However, the method 
of separating the total sum of squares for each experiment and some 
of the values obtained for the mean squares are shown in tables IV 
andV. 

Experiment 1 

In this experiment there was a suggestive difference in initial 
body weight between the treated and untreated groups, although 
a priori it was expected that the initial body weights would form a 
homogeneous population. The difference consisted largely in a 
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greater initial body weight among the untreated females (mean 
21'59g.i0-32 g.) as compared with the treated females (20-40d;0-32 g.) 


Tabue V 

Expt. 2. Values and significance of the mean squares 



Degrees 

of 

freedom 

Initial 

bods' 

Super- 
ficial 
Ijmph 
nodes 
(mg ) 

Thi mus 

Spleen 

Total 

Ijinphoid 


weight 

(e) 

(mg ) 

(mg ) 

ti‘v>ue 

(mg) 

Total 

93 






Subgroup^! 

47 

599 2t 

1418 Ot 

165 34t 

7452 8t 
61385 7t 

7588 85t 

Stages (E) 

2 

3386 8t 

6789 If 

51 3 

26026 9t 

Treatments (T) 

1 

38 8 

1127 5 

034 3t 

169S6 7* 

17280 7t 

Senes (S) 

3 


3482 4t 

682 4t 

25424 9t 

22938 2t 

Sexes (B) 

1 

3348 9t 

18343 Ot 

213 1* 

22062 7t 

57232 7t 

Interactions 

40 

417 It 

5788 It 

114 3t 

4032 4* 

ExT 

2 

443 7 

231 25* 



ExS 

6 


451 1 




E xB 

2 

1931 4t 

2706 4t 

112 9 

1024S 7* 

16248 3t 

TxS 

3 

602 4* 

346 3t 


9409 3* 

T xB 

1 




7597 0 

SxB 

3 


60 i 1 




ExTxS 

6 


1115 It 

1 



ExTxB 

E xS xB 

2 

6 


551 *■ 

1 98 49* 



TxSxB 

3 



J 



ExTxSxB 

G 






Within subgroups (error) 

46 

220 36 

299 1 

47 83 

2727 25 

2251 67 


* Mean square significant between 5 per cent and 1 per cent 
+ ^[eau square significant bejond 1 per cent 


and with both treated (20-61±0-32 g.) and untreated (20-73±0-32 g.) 
males. It was therefore necessary to exercise great caution in 
interpreting any sex differences in the results of this experiment. 

The analysis of variance of the final body weights showed highly 
significant differences between subgroups and series. The treatment 
difference was not significant. The effect of the experiment on the 
series means was further examined by separating the series sum of 
squares, with 2 degrees of freedom, into two parts, each with one 
degree of freedom ; i.e. “ operated v. non-operated ” and “ between 
operated ”. Both of these comparisons showed significant differences, 
but the former was significant beyond the 0-1 per cent, level, while 
the latter fell between 5 per cent, and 1 per cent. only. The effect 
of the operations was thus to cause three different populations 
of final body weights to appear. The normal control animals were 
heavier than the sham-operated, and these in turn were heavier than 
the adrenalectomised animals. 

The “ treatment X sex ” interaction yielded a value of F wliich was 
significant between 5 per cent and 1 per cent. The sex differences in 
initial body weight made this finding of little value. However only 
the females lost significant amounts of weight as a result of the 
injection of jSjS'dichlorodiethylmethylamine hydrochloride. 

For the superficial lymph nodes (pooled cervical, axillary and 
inguinal groups) there were highly significant differences between 
treatments and series. The vesicant thus produced a real reduction 
in the weight of this group of nodes. Further light on the series 
difference was shed by separating the series sum of squares 3540-2 
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iuto Wo parts as before. It then appeared that no less than 3538-3 
of this sum of squares was taken up hy the comparison “ operated v. 
non-operated'Meaving only 2-1 for the “between operated” com- 
parison. Study of the series means made tliis clear. The superficial 
lymph nodes of the normal animals had a mean weight of 92-95d: 

4-0 mg., while the mean weight in the sham-operated animals was 
76-io:t4-0 mg., and fo the adrenalectomised animals 76-6d:;4-5 mg. 

Tliie thrmms also showed highly significant differences between 
both treatments and series. The treatment effect, in fact, was 
significant well beyond the 0-1 per cent, point, indicating that the 
vesicant had produced a very marked reduction in the weight of this 
organ. Separation of the series sum of squares in the same fashion 
as for the final body weight and the superficial lymph nodes showed, 
however, that the greater part of this sum of squares in the analysis 
of the thymic weights was made up of the quantity 563*56 for the 
“between operated’’ comparison, and that the sum of squares 
remaining for the “ operated a. non-operated ” comparison, 41-45, 
was not significant. In fact, if the series sum of squares was separated 
in another fashion, it then appeared that the comparison “ adrenal- 
ectomised V. the rest” took up 574-1, with an F value of 12-00, 
leaving only 30*65 for the comparison “ between the rest.” Examina- 
tion of the series means showed that the adrenalectomised animals 
had significantly larger thymuses (mean 28-6^1-5 mg.) than the 
sham-operated (20-6il-5 mg.) and normal (22-4^1-5 mg.) animals. 
This finding is of interest when compared with the behaviour of the 
weights of the superficial Ij-mph nodes, in which no difference in 
weight between the sham-operated and adrenalectomised animals 
n as detectable. 

Analysis of the gross weight of the spleen showed that there was 
a highlj’^ significant reduction as a residt of the injection of ^)3'di- 
chlorodiethylmethylamme hydrochloride. A large series difference 
was also present, which, on separation into its two components showed 
that the behaviour of the gross splenic weight resembled that of the 
weight of the superficial lymph nodes and differed from that of the 
tfo-mus in that the greater part of the sum of squares was accounted 
for by the “ operated v. non-operated ” difference. A sex difference 
nas also present, as the females showed a significant reduction in 
splenic weight between the treated {156-9iS-S mg.) and untreated 
(211-0d;S-S mg.) groups. 

A similar series difference was present in the analysis of the splenic 
lymphoid tissue. The operated animals differed significantly from 
the non-operated. A suggestive sex difference was also present, in 
that the females had less splenic lymphoid tissue than the males. 
Tlw treatment difference was however not significant, being, if present 
obscured by the large errors of estimation. 

The figure for total fr-mphoid tissue, calculated bv addition of 
the n eights of the Ipnplioid tissue in the component organs as already 

J. TAtn WCT —Tot WI „ 
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described, was found to behave in a manner similar to the superficial 
lymph nodes. The treatment difference fell just short of the 1 per 
cent, point, and there was a large series effect which was mostly 
due to the difference “ operated v. non-operated ”. The analysis of 
the behaviour of the weight of the superficial lymph nodes therefore 
in this experiment accurately reflected the behaviour of the total 
;|ymphoid tissue. 

X", From this series of analyses it was concluded that the injection 
. /SjS'dichlorodiethylmethylamine hydrochloride produced a reduction 
^in the weight of the lymphoid organs, the th3’^mus and the total 
pymphoid tissue. This result was expected on the basis of work 
; previously reported in the literature. The effect of adrenalectomy 
on the response of the lymphoid tissues was more interesting. With 
respect to the superficial lymph nodes, spleen and splenic tymphoid 
fraction, as well as the total lymphoid tissue, the effect of operation 
alone — ^without adrenalectomy — ^was to reduce the amount ofljmphoid 
tissue. It was considered that this effect was due at least in part 
to post-operative inanition, although post-operative adrenal cortical 
stimulation was probably also of importance. Adrenalectomj’^ did 
not produce any more or any less reduction in the amount of lymphoid 
tissue than occurred in the sham-operated animals. In the case of 
the thymus, however, the weight of the organ was definitelj’’ greater 
in the adrenaleotomised than in the normal or sham-operated animals. 
In respect of aU the lymphoid organs there was a greater reduction 
of lymphoid tissue in the females than in the males. Adrenalectomy 
did not prevent thjmiic involution in response to the vesicant, nor 
involution of the spleen. The lymph nodes were less sensitive, and 
although they showed a suggestive reduction in weight in the 
adrenalectomised animals which had been injected Avith the vesicant, 
the reduction did not attain a statistically significant level. 

A subsidiary object of this experiment was to determine whether 
a satisfactory prediction could be made of the behaviour and amount 
of the total lymphoid tissue from an analysis based on other more 
easily measured quantities. The quantities examined in this respect 
were the body weight and the weights of the superficial lymph nodes, 
thymus and spleen. The relation of each of these to the total lymphoid 
tissue was separately determined by calculating the residual (error) 
regression of the quantity in question on the total lymphoid tissue, 
after elimination of the effects of variation between subgroups. The 
calculations are not shown in extenso, but in table VI are set out 
the regression coefficients, with the corresponding values of Student’s 


It was found that the weights of the superficial lymph nodes and of 
the spleen were significantly correlated with that of the total lymphoid 
tissue, but that the regression coefficients for the other two quantities 
did not differ significantly from zero. It was then possible to calculate 
a regression equation for predicting the behaviovur of the total lymphoid 
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tissue from knowledge of that of the superficial Ijnnph nodes and 
spleen. This equation was : 

y = 1-445 a^j+o-eso 3^4 

where the sjunhols represent deviations from the means, % being 
the deviation of the superficial lymph nodes and that of the spleen. 

Tabub VT 


Values of regression coefficients, with corresponding values of Student’s “ t ”, 
in comparisons of individual measurements with the total lymphoid tissue 




Begrcssion 

coefficient 

■■t” 

Initial body weight (* 1 ) 

Esqpenment 1 

2 

1-2140 

0-3225 

1-633 

0-223 

Superficial lymph nodes (r.) 

„ 1 

2 

1-9625 

1-853 

5- 167 * 

6- 07 * 

Thymus (xf) .... 

„ 1 

„ 2 

2-383 

1-406 

1-925 

1-407 

Spleen {x^) .... 

\ 

99 1 

0-8546 

6-014 * 

2 

0-4455 

3-98* 


* Valne oft” signiBcant. 


Experiment 2 

In this experimeut, the fact that the experiment was performed 
in three stages considerably complicated the analysis of variance 
by introducing a fourth main component, “ stages ”, into the sub- 
groups sum of squares, and by increasing the number of interactions 
to eleven. The subgroups in this experiment each consisted of 2 
animals only. 

As the animals were not completely randomised but were selected 
in pairs, it might be expected that the residual variance (within 
subgroups) would furnish too low an estimate of error. The analyses- 
were accordingly also performed using the pooled high-order (2nd 
and 3rd) interactions as an estimate of error. It was found, however, 
that though the values of F were reduced by this procedure the 
significance of the result was not altered. 

The initial body weights differed significantly between the three 
stages, and between the sexes. The animals in stage (6) (mean 
p -47^0-26 g.) were significantly heavier than those of stage (a) 
(19-91±0-26 g.) and stage (c) (19-52±0-26 g.). The females (19-71± 
g.) were lighter than the males of corresponding age (20'90dr 

The superficial Ijmph nodes showed marked differences between 
stages, senes and se.xes, but not between treatments. The latter 
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difference, although suggestive, fell within the limits of sampling 
error. The difference between stages was due to the fact that the 
animals of stage {a), though the youngest, had heavier superficial 
lymph nodes (99-81d;3'05 mg.) than those of stage (6) (79-44i3-05 mg.) 
and stage (c) (71-59±3-05 mg.). The difference between the two 
latter groups was not significant. In respect of the series difference, 
the superficial nodes in the anaesthetised (90-29±3-53 mg.) and 
adrenaleetomised (95-79di3'53 mg.) animals showed no significant 
differences between themselves, but were heavier than the normals 
( 79 - 882 h 3-53 mg.), while this group of nodes in the sham-operated 
animals (68-50±3-53 mg.) was significantly lighter than the normal. 
The marked depressant effect of sham-operation on the weight of the 
superfieial nodes was probably due to stimulation of the adrenal 
cortex as a result of the operation. 

The sex differences also were highly significant. In all four series, 
and in stages (a) and (6), the female superficial nodes were definitely 
lighter than the male. In stage (c) the difference fell just short of 
formal significance. 

The thymus weight did not differ significantly between stages, 
but there were highly significant treatment and series effects, and 
moderately significant sex effects, the females having heavier thjnnuses 
than the males. Further analysis of the series difference showed 
that the mean th 3 Tnio weight was significantly reduced by formalin 
in the normal, ansesthetised and sham-operated series, but Avas not 
affected in the adrenaleetomised series, Avhich in fact showed an 
apparent rise in th 3 nnic weight after injection of the drug. 

The mean gross AA^eight of the spleen differed significantly betAA'een 
.stages: — stage (a), 207'32d;9-2 mg.; stage (b), 162-88±9-2 mg.'; 
atage (c), 119’72d:9-2 mg. The reduction in splenic weight as a 
result of treatment was moderately significant when taken OA’^er aU 
four series. When the adrenaleetomised animals were excluded from 
the comparison the significance of the difference was much increased, 
as there was no reduction — ^in fact a non-significant rise — in the 
gross splenic Aveight of the adrenaleetomised animals as a result of 
the injection of formalin. The highly significant series difference 
was almost entirely due to the difference between the adrenaleetomised 
series and the other three series taken together. The adrenaleetomised 
■animals had significantly larger spleens (212-04± 10-67 mg.) than those 
■of the other three series (normal, 148-75± 10-67 mg. ; anaesthetised, 
144-41±10-67 mg. ; sham-operated, 148-0±10-67 mg.), which did 
not differ significantly among themselves. The sex difference in 
gross splenic weight Avas also highly significant. This Avas due to 
the fact that the males had larger spleens than the females, especially 
in stage (6), and that the male spleen responded more markedly than 
the female spleen to the action of formalin. 

The analysis of the total l 3 mphoid tissue gave more definite results 
than that of the superficial Ijunph nodes. There were highly significant 
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differences between stages stage {a), 279-53iS-39 ; stage (6). 
259.94^8-39: stage (c). 223-35±S-39 mg. The reduction m 
lymphoid tissue as a result of treatment was also highly significant. 

In this respect, therefore, the analysis of a sample — ^the superficial 
lymph nodes— in which this difference was not significant, gave 
erroneous conclusions on the behaviour of the lymphoid tissue as a 
whole. The reduction in hmiphoid tissue resulting from the injection 
of formalin was, however, confined to the three non-adrenalectonused 
series. In the adrenalectomised series there was a rise in total lymphoid 
tissue after injection (310-0d;13-7 mg. as against 280-67:;^ 13-7 mg.), 
a difference which falls just short of significance. 

The series difference in total lymphoid tissue was also higlily 
significant. Study of the series means showed that the difference 
between the normal (246-87 ;£;9-7 mg.) and anaasthetised (254-16;^; 
9-7 mg.) series was not significant, but that the sham-operated animals 
had considerably less (220-71:^9-7 mg.) and the adrenalectomised 
animals considerably more (295-33:^9-7 mg.) Ijunphoid tissue than 
the normal or anaesthetised animals. An indication that a series 
difference of this type was present had already been furnished by 
the analysis of the weights of the superficial lymph nodes. 

The highly significant sex difference in total lymphoid tissue was 
ascribable to the circumstance that in all four series the males had 
more lymphoid tissue than the females. The males also showed a 
significant reduction in total lymphoid tissue after the injection of 
formalin (injected, 256-37 £:9-7 mg.; not injected, 301-0:^9*'' mg.) 
but the females did not (injected, 225-33£;9-7 mg. : not injected. 
234-3Sd:9-7 mg.). This finding, which was foreshadowed by the 
analysis of the superficial lymph nodes, was in contrast to that of 
expt. 1, in which the females were more and not less susceptible to 
the action of the nitrogen mustard. 

In this experiment, as in expt. 1, the relationship of the weights 
of the component organs of the lymphoid system to that of the total 
IjTiiphoid tissue was examined by calculating the regressions of the 
body u eight, superficial Ij-mph nodes, thymus and spleen on the 
total lymphoid tissue. It was again found that only the weights of 
the superficial nodes and the spleen were significantly related to that 
of the total lymphoid tissue, the coefficients for the other two quantities 
not differing significantly from zero. In expt. 2 the regression equation 
for predicting the total Ijmphoid tissue from a knowledge of the 
weight of the superficial lymph nodes and spleen was found to be 

Y = l-780a:2-h0-427x^ 

where the sjmbols have the same meaning as in the equation obtained 
from the data of expt. 1. 

The two regression equations do not differ greatly, and it would 
seem that for practical purposes an easily determined “index of 
lymphoid tissue” of the form 1-5 x superficial Ijmph nodes-fO-ox 

■J r\TH lUCT— VOL.m n^ 'n 
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spleen would allow a reasonably good prediction of the behaviour of 
the total lymphoid tissue in mice of this age and strain. Such an 
index would tend to prevent the drawing of erroneous inferences on 
the behaviour of the lymphoid tissues which might result from an 
analysis of a small sample only. Such an error would have occurred 
in expt. 2 if conclusions on the behaviour of the Ijrmph nodes in 
response to the injection of formalin had been made from the analysis 
of the superficial lymph nodes only. Analysis of the behaviour of 
this index showed it to respond in a similar manner to the weight 
of the total lymphoid tissue in both experiments. 

Summary ajti) conclusions 

1. /3 jS'diohlorodiethylmethylamine hydrochloride (nitrogen mustard) 
differs from formalin in its effect on the weight of the lymphoid 
organs of mice. Adrenalectomj'’ protects against the lymphoid 
involution induced by formalin but affords little protection against 
the involution induced by nitrogen mustard. Significant reduction 
in the weight of the thymus and spleen, and suggestive reduction 
in that of the total lymphoid tissue occurred in adrenalectomised 
animals treated with nitrogen mustard. The thymus was decidedly 
more sensitive than the spleen or lymph nodes to the action of nitrogen 
mustard and the effects of adrenalectomy. 

2. Sham operation, without adrenalectomy, produced a considerable 
reduction in the lymphoid tissue. 

3. Several sex differences were noted. The lymphoid organs of 
female mice were more susceptible to the action of nitrogen mustard 
than were those of male mice, but less sensitive to the action of 
formalin. Male mice had, in general, larger superficial lymph nodes, 
larger spleens and more total lymphoid tissue, but smaller thymuses, 
than females. 

4. Considerable differences were found between the amount and 
response of the lymphoid tissue of batches of the same strain of mice, 
differing only slightly in age, when subjected to identical experimental 
procedures on successive occasions. This finding indicates that 
uncontrolled comparisons relating to the amount of lymphoid tissue 
are not always permissible between the results of successive experi- 
ments carried out on the same strain of animals, even when the ages 
and weights of the animals used in the different experiments are 
similar. 

5. A technique is described for obtaining an estimate of the total 
amount of lymphoid tissue in the animal body. Study of the relation- 
ship of the body weight and the weights of the superficial lymph 
nodes, thymus and spleen to this estimate of the total lymphoid 
tissue showed that only the weights of the superficial lymph nodes 
and of the spleen were significantly correlated with that of the total 
lymphoid tissue. A regression equation was calculated for each 
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experiment, relating the total l^miphoid tissue to the other two easUy 
measured quantities. The two equations showed good mutual 

agreement. „ - i,. 

6. It is suggested that such an “ index of lymphoid tissue might 

prove useful in future quantitative studies on the lymphoid tissue. 

I am indebted to J. Kent and to Miss S. Long for much technical assistance. 
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6i6 . 136 . 7 — 005 . 6 : 616 . 13 — 002 . 2 

^rURAL THROiEBOSIS IN THE RENAL ARTERY AND 
ITS RELATION TO ATHEROSCLEROSIS 

Brian E. Hkabd 

Department of Pathology and Bacteriology, TTelsft CfHatwnal 
School of Medicine, Cardiff 

(Plate CLY) 

Tlie thickening of the intima in atherosclerosis is made up of fat and fibrous 
ti^ue and sometimes also of calcium. Entil recently it was assumed that the 
intimal fibrosis developed as a growth of connective tissue in response to the 
irritative effect of the fatty substances, but Duguid ( 1946, 1948) has reintroduced 
the idea that mural thrombosis may be the basis of atheroma and has shown 
that thrombi can frequently be demonstrated in thickened aortas. I can confirm 
the finding of Duguid that fibrinous deposits of various sizes and showing various 
degrees of organisation and incorporation into the intima can be demonstrated 
in about 35 per cent, of adult aortas showing atheroma. If these deposits are 
important in the genesis of the fibrous thickening, one would expect them to 
occur also in other arteries than the aorta, especially those in which athero- 
sclerosis is common. I have made a detailed study of 50 pairs of renal arteries 
in search of these deposits and have taken sections from both the tluckened and 
the apparently normal portions. The results show that thrombi occur frequently 
m the atherosclerotic parts of these arteries, that they are rare in the relatively 
unaffected parts and ate absent from the normal parts. 

Atherosclerosis first affects the origin of the renal artery and the changes 
are usually masiinal in the first centimetre. In persons over 40 years of age 
it is exceptional to find no disease at this point. In the middle third, however, 
the disease is rarer, except at the orifices of branches where small plaques are 
often found. 


Methods 

material was taken at autopsies performed on routine hospital and 
medico-legal cases, a dissection being made of the renal arteries and part of the 
related aorta. Sections were taken from the middle tliird of one arteiy and the 
thickened first part of the other. Tiie first was fixed in the distended position 
by perfusing it with forraol-saline at a pressure of 100 mm. of mercury and 
^tions cut from a piece. 3 mm. in length, taken from the middle third. 

I^te^S!on reduced the folds in the internal elastic lamina and facilitated the 
s Udj of the intima. Tlie opposite vessel was fixed undistended and a piece 
was ta 'en for section from the first centimetre. Distension was unnecessary 
lere ^ ecause atherosclerotic tliickening reduces or prevents folding of the intima. 
Illy sections each 15 p thick were cut by the freezing method from both pieces 
n sections chosen at intervals in the order of cutting, in order to obtain a 
tniriy representative picture of this short length of vessel. SLx sections were 
staintxl With Sudan HI and ffTimalum and 3 with orcein and hiemalum. 
ricr.— vot txi 
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Histology of the deposits 

After death, clotted blood may adhere to the intima. It usually appears 
iu sections as a layer of homogeneous-looking plasma containing a variable 
number of red cells and leucocytes which are scattered through it or lie against 
the endothelium. Sometimes there is no plasma and only a few blood cells are 
seen in the crevices of the intima. 

The appearance of these ante-mortem deposits alters with their age. What 
appears to be the first stage of mural thrombosis is seen in fig. 1. There is a 
thin network of fibrin on the surface enmeshing leucoc 3 ?tes and red cells. It 
appears to be firmly adlierent to the intima but its free surface is ragged and 
not covered by endothelium. 

Structures representing stages in the transformation of mural thrombi into 
the fibrous tliiokening of the intima seen in atherosclerosis are shown in the 
follo\ving figures. With organisation, endothelium grows over the thrombus and 
at the same time the fibrinous matrix becomes condensed. This is shown in 
fig. 2, which illustrates a thrombus of longer standing. , It has a non -cellular 
component of granular material staining deeply with bsemahun, and a covering 
of endothelial cells which appear to have grown over the deposit so as to bind 
it to the intima. The granular material is composed of disintegrating red cells 
and condensing fibrin. Leucocytes are intermingled and seem to retain their 
staining properties for some time, though gradually the cytoplasm and finally 
the nuclei disappear. Tig. 3 shows another deposit containing red and white 
cells and covered by endothelium. 

Deposits can occur repeatedly, one on top of another, giving a laminated 
appearance as shown in fig. 4. Although some damage has been done during 
the cutting of this section, the thrombus can be seen to be made up of three layers 
of different ages. The innermost layer consists of a fine network of fibrin 
containing numerous red cells and leucocytes ; the middle layer has fewer 
red cells and the leucocytes have pyknotic nuclei ; the outermost layer is devoid 
of red cells and shows only scanty nuclear remnants. The underlying intima is 
thickened by fibrous and fatty tissue. In fig. 5 a four-layered deposit is seen. 
The layers are composed of faintly staining homogeneous material separated by 
thin strata of red cells and a few globules of fat. 

Later stages in the organisation of a thrombus are not convincingly 
demonstrable because the depth of staining of the ground substance is gradually 
lost and distinction between it and the fibrous tissue of the intima becomes 
increasingly difficult. In fig. 6 a small thin strip of lightly-staining material 
free of nuclei lies just beneath the endothelium. Perhaps this is a very late 
stage in the organisation of a deposit. The laminated appearance of the fibrous 
tissue frequently seen in greatly thickened intimas is again in keeping with the 
attempt to explain thickening on a mural thrombosis hypothesis. 

Results 

Only 8 of the 50 cases were below the age of 40 years ; the rest were between 
40 and 80. More males than females were exanained, except in the 60-69 age 
group, where there were 7 of each sex. 

Of 60 autopsy specimens, 19 (38 per cent.) showed ante-mortem deposits. 
Altogether 22 deposits were found, 17 in the thickened first part of the arteries 
and 5 in the thinner middle part. In 3 cases there were deposits in both regions 
and in one thickened part, 4 were seen. They occurred in both sexes in each 
decade from 40 to 80. None was found in the 8 cases below 40 years of age. 
No structure of possibly post-mortem nature was included in these figures. 
Deposits were found about three times as frequently in the first centimetre 
of the renal arteries as in the mid-zone, where 76 per cent, of the sections showed 
little or no atherosclerosis. There is thus at least a spatial connection between 
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Tg. 1 . — A recent intimal deposit of fibrin in a 
renal arterj' enmeshing a few leucocj'tes. 
Sudan III and hcemalum. x 230. 



Fig. 3. — long thin deposit contaming red cells 
and leucocytes and covered by endothelium. 
Orcein and lia-malum. x 140. 



I'm. a. -A four-layered dopoMt m ith intcrspcr-ed 
ml coll- nii.l fat globules. Sudan III and 
b.cmaluiii. X 9S. 



Fig. 2. — Part of an older deposit. It is 
covered by endothelium and contains fat 
globules and degenerating red cells and leuco- 
c\-tes. Sudan III and hremalum. x 92. 



Fig. 4. — .A tliree-layered deposit. Sudan III 
and haimalum. x 160. 



Fig. C. — .A later starre in the organisation of a 
mural thrombus. Sudan III and h.emalum. 
X 170. 
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atherosclerosis and deposits. There was no demonstrable connection between 
the finding of mural deposits in the renal artery and the cause of death. Tliey 
•were foimd in cases of sudden death, thus excluding the possibility of what 
may be called “ terminal thrombosis ” ns a factor in the development of mural 
deposits. One case sho'wed sypliilitic disease of the renal arteries associated 
■with mural thrombi. 


Discussion 

Tlie occurrence of small mural thrombi in the main renal arteries does not 
appear to have been described pre\dously. Duguid (1948) found deposits in 
38 per cent, of his series of oO aortas. As stated previously I have foxmd them 
also in the same situation in about the same percentage of cases. Thrombi 
thus occur in approximately 3S per cent, of aortas, in 34 per cent, of first parts 
of renal arteries and in 10 per cent, of middle parts of renal arteries ; in the 
last position atherosclerotic changes are slight. This close association of thrombi 
and atherosclerosis is presented as further eiddence in support of the hypothesis 
that mural thrombosis is an important factor in the development of athero- 
sclerotic thickening of arteries. 

The renal arteries of this series did not reveal any of the large deposits with 
invading capillaries wliich are sometimes seen in the aorta. Organisation is 
mainly a condensation process and is not, apparently, accompanied by the 
ingrowth of capillaries from either the covering endothelium or the underh-ing 
intima. 


Summary 

Small mural thrombi were found m relation to the intima in 19 out of 50 
pairs of renal arteries, most of them bemg situated m the atherosclerotic first 
centimetre. They were less frequent in the less atheromatous middle third 
and v.-ere not seen at all in the normal parts of the vessels. It is suggested that 
this is further e\ndence in support of the hypothesis that mural thrombosis is 
an important factor in the development of atherosclerotic thickening of arteries. 

I am very grateful to Professor J. B. Duguid and Professor J. Gough for 
their ad^^ce and encouragement and to Mr J. P. Xapper for the photographs. 
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Hamolytic disease oi the newhora 

By :NUbgaeet M. Pickxes. 1949. Oxford : BlackweU Scientific Pubfica- 
tions. Pp. X and 181 ; 10 figs, on 6 plates and 15 text figs. los. 

Dr Pickles has -written a useful and comprehensive monograph on 
hsemolytie disease of the ne-wbom -which -will be of -ralue especially^ to 
pediatricians and clinical pathologists called upon to cope -with the practical 
problems involved. After an excellent historical introduction, the Rh 
antigens and antibodies are discussed, and both the Fisher -Race and Wiener 
notations are given. Dr Pickles -wisely emphasises the predominant 
importance of antigen D in determining Rh positive or negative and the 
probable error in genotyping is -well explained. The properties of Rh 
antibodies are iueidiy expounded, yet the comple-sities, of the subject are 
not underestimated, and the wealth of detail, given -with commendable 
brevity, -will assist the practising serologist. 

Dr Pickles’s experience in the correlation of maternal antibody titres 
with the severity of the hsemolytic disease is of great interest and her 
conclusion that low-titre antibodies acting over a long time are not less 
harmful than high-titre antibodies acting for brief periods accords with 
the reviewer’s experience. In discussing the mechanism of immunisation, 
the great importance of transfusion in initiating the process is rightly- 
stressed. Interesting examples are given of the variable antigenic power 
of cells apparently identical serologically and of the power of C and E 
antigens to provoke an anamnestic rise of anti-D. The pattern of the 
disease is well described and the importance of correct difierential diagnosis 
in stillbirths emphasised, while in live births the indications for one or 
other form of treatment are given in detail and the dangers of early 
induction are not underestimated. We are glad to read Dr Pickles’s 
firm statement of opinion that the importance of early treatment outweighs 
the desirability of delaying in order to achieve a more precise assessment 
of severity. It is interesting to observe that ca-uses of kemicterus other 
than icterus gravis are gradually being discounted as more thorough 
investigations reveal Rh incompatibility in practically aU cases, even 
those in which at first sight other circumstances might he held responsible. 

Tlje tecimiques of transfusion are clearly explained and Dr Pickles’s 
modified method for exchange transfusion reads as if it should be both 
simple and satisfactor 5 -. 

Throughout the text misprints are few, but on page 93 (line 7 fi:om foot) 
surely “ normoblasts ” and “ erythroblasts ” should be transposed. On 
page 111 the intracorpuscular biliverdin should be stated in fig. as in the 
succeeding line. In the appendix there are a few unfortunate errors. 
In table XIT RuC and CDc/cDe conflict ; clearly Bor = cDejcde is intended, 
and on page 162 R'r is ^ven as CDcJcdc instead of Cdejcde. At the foot 
o ^page 158 a curiously inverted and misleading statement is made about 
D“ cells. Since D“ antigen is cax>able of stimulating anti-D in an Rh- 
negative recipient surely this should read “ about half of these ceU types 
contain a p“ component which may give /afec ntgalivc reactions hy failina 
to react with some anti-D sera." 

■J. ti-nt. cin— ,toi„ ixj 
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Hcemolytic disease of the newborn is not an easy subject on which to 
write lucidly and if there are occasional obscure paragraphs, on the whole 
they are remarkably few. We have no doubt that this book will be found 
of great value to practical workers, especially on the clinical side. 

Heavy metal prosthetic groups and enzyme action 

By Otto Wabburg ; translated by Alexastdeb Lawson. 1949. London : 
Oxford University Press (Geoffrey Cumberlege). Pp. xii and 230 ; 48 text 
figs. 18s. 

The publication of a new book by Professor Otto Warburg is an important 
occasion for biochemists. As he says on p. 166, “ The natiu-e of the autoxi- 
disable part of living matter, that is, the part which reacts with oxygen, 
has been since the time of Lavoisier the main problem of respiration,” 
and it is almost exclusively this problem that he deals with in the present 
volume. The subject-matter is therefore rather more compact than the 
title would suggest. It is a field in which Professor Warburg’s researches 
have been eminent for several decades. His approach is a truly biochemical 
one, with proper balance between the organic-chemical and biological 
sides. The treatment is historical; and amounts in effect to a partial 
scientific autobiography, emphasis being always on the work of his colleagues 
and himself and that of his scientific opponents. Indeed it may be thought 
that too much space is given to obsolete polemics, in which he was at 
cross-purposes in turn with H. Wieland, M. Dixon and D. KeUin. 

Starting with the action of KCN, the charcoal model and the catatysis 
of oxidation by iron in general, the book proceeds, always with a wealth 
of experimental detail, to the quantitative study of the effect of CO on 
respiration. Here is given a full description of those classic experiments 
in which the absorption spectrum of the CO compound of the “ Atmungs- 
ferment ” was measured. Ultimately the position is reached in which 
Warburg’s “ oxygen-transporting iron ” can be identified with cytochrome ay 
At every stage is found a valuable re-statement of the fundamental 
experiments on which all our present knowledge rests, but only very 
rarely does Professor Warburg indulge in speculation on possible future 
trends. 

The book has more than its share of misprints and garbled sentences ; 
e.g. on p. 25 “ respiration ” occurs twice instead of “ glycolysis,” on p. 44 
is found “ activity of the metal ” where some such phrase as “ sensitivity 
of the method ” is wanted, and on p. 141 the symbols for “ light sensitivity ” 
and “ quantmn intensity ” are muddled. The translation is adequate, 
but exhibits a few odd mannerisms, such as the omission on every occasion 
but one of the hyphen from “ oxygen transporting iron,” and “ the whole 
respiration proceeds over cytochrome.” 

The usefulness of the book would be enhanced by an alphabetical list 
of references and still more by an index. 

How to befriend laboratory animals 

By Chables W. Hotib. 1949. London: The Universities’ Federation for 
Ajoimal Welfare. Pp. 16 and covers. 3d. 

This pamphlet may be noticed here since its title is perhaps misleading. 
It is not, as might be supposed, an account of observations on animal 
behaviour or advice on how and how not to handle animals. It is part 
of “ an attempt to break the deadlock, occasioned by the vivisection con- 
troversy, between humane scientists on one side and animal-protectionists 
on the other.” 
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Biological actions oi sex hormones 

By Hasold BtrRROWS. 2nd ed., 1949. Cambridge, afc the University 
Press. Pp. siii and 615. 42s. 

Four years have passed since the first edition of this book was published 
and reriewed in this Journal (1946, Kdii, 311). Tliis, the second edition, 
has been entirely revised and re-set. An indication of the rate of growth 
of the subject is the fact that the list of references now occupies 36 pages 
instead of the former 24 and that the text occupies an additional 100 pages. 
Tlie arrangement of the subject-matter is as before, gonatropin being 
considered first, then tlie gonadal hormones (androgens, cestrogens and 
progestins) and finally the sex hormones of the adrenal cortex. Those 
who have used this reference book in the last four years can testify to its 
great value and accuracy. The amoimt of information which it now 
contains is prodigious. The subject is one in which progress is constantly 
being made and therefore no book of this tj-pe can ever be said to present 
the last word. It is to be expected, however, that the great impetus 
given to the study of the biological actions of the sex hormones which 
followed their discoverj- in the ’SOs will now show some slowing down. 

Handbook of bacteriology 

By J. W. Bigger. Gth ed., 1949. London : Bailliere, Tindall and Cox. 
Pp. XV and 547 ; 24 figs, in coloiu on 4 plates and 109 text figs. 203. 

The fifth edition of this popular manual was published in 1939 and 
reprinted in 1945, 1946 and 1948. The sixth edition, which appeared in 
October 1949, is thus almost a new boob. Two chapters have been added, 
eleven have been rewritten and all the rest have been extensively revised. 
The text has been increased from 455 to 535 pages plus an index of 12 pages. 
jS'onetheless, Bigger’s Handbook of baderiohgy remains what it set out to 
be in 1925 — a relatively short text primarily intended for students and 
non-specialists. The selection and arrangement of material are well 
made, the text is easily read and clear in meaning and the iUustratioas 
are excellent. The author feels it necessarj- to defend “ a certain dogmatism 
in the presentation,’’ but few will quarrel with this in a book specifically 
■RTitten for begiimers, to whom it can be recommended with confidence. 
It may be permissible, however, to note that, in England and America 
at least, yellow fever vaccine is not now prepared from a neurotropie strain 
of virus but from strain 17D, a pantropic strain attenuated by growth in 
chick embrj'o from which the brain and cord have been removed. 


Jordan-Burrows textbook of bacteriology 


By Weu1.e\ji Bebbows, with the collaboration of Fraxcis Bybox Gobdox, 
Richard Jax^heb Porter and James Wheiam Moxtedeb. Fifteenth 
edition, 1949. Philadelphia and London : W. B. Saunders Companv. 
Pp. .XX and 981 ; 265 te.xt figs. (2 in colour). 45s. 


This is a good, sound book and a popular one, as may be judged by 
the appearance of fifteen editions in 41 years. Its scope' and treatment 
make it eminently suitable for the serious and advanced student as weU 
ns for the laboratoiy worker who requires practical help with diagnostic 
problems. Probably it contains more than most elementary students 
will wi=}i to read, and less than most research workers will 'demand of 
evuicnce and discussion : hut it remains one of the most useful and accurate 
texts within the compass of a single volume of reasonable size. Its range 
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is remarkable in that it deals not only with the usual pathogens and their 
diseases on standard lines, but with laboratory methods, bacterial 
physiology, water and sewage, milk and food, medical mycology, medical 
parasitology, and viruses. A well-balanced judgment is expressed on 
problems of bacterial nomenclature and the usages will be generally 
acceptable, particularly the retention of the genus Staphylococcus and 
the absence of any attempt to give specific names to the viruses. The 
illustrations are of a high standard and include many striking electron 
micrographs. It may certainly be recommended as a book that will 
contribute to the work of any laboratory. 

Green’s manual o£ pathology 

Revised by H. W. C. Vines. 17th ed., 1949. London ; Bailliere, Tindall 
and Cox. Pp. viii and 1200 ; 19 figs, in colour on 12 plates and 730 text 
figs. 42s. 

In these days of highly priced textbooks this attractively produced, 
well illustrated and easily read manual of pathology is, at two guineas, 
extremely good value for the money. It follows the general lines of its 
predecessors, the first part dealing with the principles of general pathology, 
the second with systemic patholog 5 ', especially in its relation to clinical 
medicine. The reproductions of gross specimens and the photomicrographs 
are almost without exception of a very high order. Nonetheless, the text 
is not without grounds for criticism, as is perhaps to be expected in any 
textbook written on general lines and covering such a wide field as jiathologj’. 
The description of Paget’s eczema is unsatisfactory and must leave the 
student in considerable doubt as to the real natme of the lesion. One 
wonders if “ ulcero-cancer ” (of the stomach) is a desirable term. Surely 
ulcer-cancer is better, or even carcinoma ex ulcere. And is it neoessarj’ to 
perpetuate the word “ epithelioma ” ? Squamous carcinoma is much to 
be preferred. In discussing status lymphaticus it would be well to explain 
that there is no pathological evidence of any relationship between an 
enlarged thymus and unexplained sudden death. The statement that 
the normal hasmoglobin content of the red cells is equivalent to 13-5 g. 
of hsemoglobin per 100 c.c. of blood seems unusual in view of the fact that 
the National Physical Laboratory accepts a figure of 14'8 g., and it is 
surely a novel conception that megaloblasts result from a failure of free 
multiplication of the hsemocytoblasts owing to the absence of thyroxin, 
vitamin C and the anti-anjemic principle. Most of the book, however, is 
beyond reproach and sections such as that dealing with diseases of the 
ductless glands, where the author is in his own field, are particularly good. 

The 16th edition of this English classic, also revised and enlarged by 
Vines, was reviewed in this Journal in 1940 (li, 166). 
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